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ABSTRACT
While bright, blue, compact galaxies are common at z ∼ 1, they are relatively rare in the local universe, and
their evolutionary paths are uncertain. We have obtained resolved H I observations of nine z ∼ 0 luminous compact
blue galaxies (LCBGs) using the Giant Metrewave Radio Telescope and Very Large Array in order to measure their
kinematic and dynamical properties and better constrain their evolutionary possibilities. We find that the LCBGs in
our sample are rotating galaxies that tend to have nearby companions, relatively high central velocity dispersions, and
can have disturbed velocity fields. We calculate rotation velocities for each galaxy by measuring half of the velocity
gradient along their major axes and correcting for inclination using axis ratios derived from SDSS images of each galaxy.
We compare our measurements to those previously made with single dishes and find that single dish measurements
tend to overestimate LCBGs’ rotation velocities and H I masses. We also compare the ratio of LCBGs’ rotation
velocities and velocity dispersions to those of other types of galaxies and find that LCBGs are strongly rotationally
supported at large radii, similar to other disk galaxies, though within their half-light radii the Vrot/σ values of their
H I are comparable to stellar Vrot/σ values of dwarf elliptical galaxies. We find that LCBGs’ disks on average are
gravitationally stable, though conditions may be conducive to local gravitational instabilities at the largest radii. Such
instabilities could lead to the formation of star-forming gas clumps in the disk, resulting eventually in a small central
bulge or bar.
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21. INTRODUCTION
1.1. LCBGs: Analogs to z ∼ 1 star-forming galaxies
Luminous compact blue galaxies (LCBGs) are a mor-
phologically heterogeneous class of star-forming galaxies
that are defined by their blue colors, high luminosities
in the optical B band, compact sizes, and high surface
brightnesses (Werk et al. 2004). Their strong optical
emission lines and blue continua suggest that LCBGs
harbor diverse stellar populations, with a current star-
burst involving approximately a tenth of the galaxy’s
mass coexisting with older cohorts of stars of approxi-
mately solar metallicity (Hammer et al. 2001; Guzma´n
et al. 2003; Hoyos et al. 2007).
LCBGs are common in galaxy surveys at intermediate
redshifts. Koo et al. (1994) found that 30% of compact
sources at z ∼ 0.1 − 0.7 show strong, narrow emission
lines characteristic of star formation. Guzma´n et al.
(1997) found that LCBGs compose 20% of the general
field population of galaxies and contribute 45% of the to-
tal star formation rate density at 0.4 < z < 1. Tollerud
et al. (2010) found that LCBGs comprise ∼ 10% of the
total galaxy population with MB < −17 and ∼ 5% of
the galaxies with MB < −16 at a median redshift of
z = 0.49, which they note is lower than the Guzma´n
et al. (1997) value likely due to the rapid evolution of
LCBGs after z ∼ 1. Hunt (2017) found that LCBGs
contribute 42% of the luminosity density of galaxies with
MB < −18.5 at z = 0.9, and that they comprise 30% of
the galaxy population with MB < −15 and 60% of the
galaxy population with MB < −18.5 at that redshift.
LCBGs at z < 1 are selected to have optical properties
that are consistent with the small, bright, blue galaxies
that appear in deep field observations (Koo et al. 1994;
Phillips et al. 1997; Werk et al. 2004).
In contrast to their abundance at intermediate red-
shifts, LCBGs are a factor of ten rarer in number den-
sity in the local universe (Guzma´n 2001). Hunt (2017)
found that LCBGs comprise less than 2% of galaxies
at z ∼ 0. This discrepancy suggests that LCBGs are
a progenitor population for one or more of the galaxy
types prevalent at z ∼ 0. Garland et al. (2015) recently
confirmed that local LCBGs have similar morpholo-
gies, gas fractions, and specific star formation rates to
higher-redshift star-forming galaxies. Following the def-
initions compiled by Werk et al. (2004) to select for local
analogs of intermediate-redshift LCBGs, these galaxies
have B−V < 0.6 mag, SBe(B) < 21.0 mag arcsec−2,
and MB < −18.5 mag.
The properties of both local and z ∼ 1 LCBGs over-
lap with many similar types of galaxies that have been
described in the literature. Galaxies with properties
similar to those of LCBGs include Compact Galaxies
(Phillips et al. 1997; Guzma´n et al. 1997), Luminous
Compact Galaxies (Hammer et al. 2001), and Blue Com-
pact Galaxies (Koo et al. 1994; Guzma´n 1999; Barton &
van Zee 2001; Pisano et al. 2001). While they are blue
and compact, LCBGs are too massive (M∗ ∼ 109 M,
Guzma´n et al. 2003; Garland et al. 2004; Tollerud et al.
2010), luminous (LB ∼ 109 L, Garland et al. 2004),
and have metallicities too high (12 + log(O/H) ∼ 8.5,
Tollerud et al. 2010) to be classified as Blue Compact
Dwarfs. Cardamone et al. (2009) found that LCBGs
overlap in blue luminosity, morphology, stellar mass,
and metallicity with the Green Pea galaxies detected
by Galaxy Zoo at z∼ 0.1 − 0.4. Heckman et al. (2005)
found that the lower-mass examples of compact Ultra-
violet Luminous Galaxies (UVLGs), which they identify
as low-redshift analogs of high-redshift Lyman Break
Galaxies (LBGs), overlap in mass with the higher-mass
examples of compact galaxies discussed in Phillips et al.
(1997). Similarly, Guzma´n et al. (2003) and Hoyos et al.
(2004) point out that some LCBGs could be low-mass,
lower-redshift counterparts to LBGs, and France et al.
(2010) have detected fine-structure emission lines of Si
II that have been previously observed in z ∼ 3 LBGs in
a z ∼ 0.04 LCBG, which they interpret as an indication
that star formation processes may be related in both
types of galaxies. It is useful to study z ∼ 0 LCBGs,
then, to better understand the properties of the types
of galaxies that exist at higher redshifts.
LCBGs have heterogeneous morphologies. Many
LCBGs appear to be the products of mergers, espe-
cially at intermediate redshift where the spatial density
of galaxies was larger and mergers were more common
(Amram & O¨stlin 2001). In particular, irregular mor-
phologies are more common in LCBGs than in other blue
compact galaxies (O¨stlin et al. 2001). Many LCBGs also
have companions (Garland et al. 2004; Pe´rez-Gallego et
al. 2010; Garland et al. 2015). At z ∼ 0.2− 1.3, 60% of
LCBGs appear to have similar properties to local H II
galaxies, while 40% of LCBGs resemble local starburst
disk galaxies, and 90% seem to be small galaxies with
some extension, but lacking large, faint disks (Noeske
et al. 2006). Garland et al. (2015) find that 40% of
local LCBGs are “clumpy”, which they define to mean
three or more optical clumps. Werk et al. (2004) point
out that LCBGs are also not a distinct class of galaxies
in parameter space. They exist at the extreme blue,
bright, and compact ends of the optical properties that
serve to identify them, but they are not outliers along
the continuum of observed properties for field galaxies
at the redshifts at which they appear (see Figure 1 in
Garland et al. 2004).
3As LCBGs at z ∼ 0 are rare compared to their num-
ber density at z ∼ 1 (Guzma´n 2001), it is likely that
they evolve quickly once their current episodes of star
formation end, though it is not known what types of
galaxies LCBGs will subsequently become. It has been
suggested that LCBGs could be undergoing their final
phase of star formation, and will continue to passively
evolve and fade to become today’s spheroidal or dwarf
elliptical galaxies (Guzma´n et al. 1997; Bershady et al.
2005) or faint, low-mass spiral galaxies (Phillips et al.
1997). Other authors have suggested that LCBGs could
be spiral galaxies undergoing a burst of star formation as
they form their bulges (Barton & van Zee 2001; Ham-
mer et al. 2001; Barton et al. 2006). It has also been
asserted that LCBGs are galaxies that only appear sim-
ilar in unresolved optical images at intermediate redshift
and are actually a diverse enough population that their
evolutionary paths and end products are widely varied
(Tollerud et al. 2010). As LCBGs are visible across a
large range of redshifts, they are excellent candidates
for studying galaxy evolution (Hoyos et al. 2007).
1.2. Goals
In order to determine possible evolutionary paths for
LCBGs, it is necessary to have knowledge of their H I
properties. Measuring the H I mass gives an estimate of
the fuel available for star formation and constrains the
duration of the current starburst. The internal kine-
matics of the H I and evidence of past interactions give
clues regarding the starburst triggering and quenching
mechanisms (Pisano et al. 2001), and can support or
rule out disk or spheroid models of LCBGs’ morphol-
ogy. To investigate the nature of these galaxies, we
have studied a selection of local analogs to intermediate-
redshift LCBGs. Previously, Garland et al. (2004, 2005,
2007) surveyed the optical, H I, and CO properties of
Sloan Digital Sky Survey (SDSS)- and Markarian- se-
lected LCBGs. They took H I and CO spectra of a
large sample of LCBGs using single pointings (Garland
et al. 2004, 2005). For their study, they selected lo-
cal LCBG analogs having the same optical properties
as intermediate-redshift LCBGs as outlined by Werk et
al. (2004). Garland et al. (2007) also initiated follow-up
mapping observations of four Markarian galaxies and
one SDSS galaxy with the Very Large Array (VLA).
In this paper, we follow up the previous Garland et al.
studies with Giant Metrewave Radio Telescope (GMRT)
and VLA H I observations of galaxies selected from the
Garland et al. (2004) sample, plus one additional local
LCBG.
An overarching goal of this paper is to compare the
H I properties we derive from resolved observations of
nearby LCBGs to the properties derived from unresolved
single pointings. Since LCBGs are most common at red-
shifts where resolved H I studies are not possible, it is
important for us to understand what information is lost
in unresolved observations of these galaxies. To accu-
rately predict their evolution, we must first know what
available observations can definitively tell us.
Previous H I studies of local LCBGs have not had
the spatial resolution to distinguish the target sources
from their nearby companions. Therefore, another goal
of our study is to identify H I-rich companions and sig-
natures of interacting galaxies that were not resolved
in the single-dish H I observations from Garland et al.
(2004). Since H I gas traces a galaxy’s gravitational
potential at a much larger radius than light from stars,
our resolved H I observations could indicate locations
conducive to interaction-driven star formation where it
may not be obvious from optical observations. We there-
fore take advantage of the GMRT and VLA’s angular
resolution to measure the extent of H I emission and
identify signatures of rotation in order to calculate dy-
namical masses (Mdyn) for these LCBGs from measure-
ments of rotation velocities (as opposed to estimating
Mdyn from linewidths that could potentially be biased
by the inclusion of nearby companions, tidal features,
or non-rotation components). Coupled with the H I
mass (MHI), these measurements give us an estimate
of how much gas is available for the continuation of
the starburst. This constrains the evolutionary scenar-
ios for LCBGs, as the bulge formation scenario would
imply that LCBGs have higher Mdyn than have been
sampled from the central bright cores of LCBGs at in-
termediate redshifts (e.g. Pisano et al. 2001), and the
spheroidal/dwarf elliptical progenitor scenario requires
LCBGs to undergo passive evolution after their current
starburst (Guzma´n 1999), which would limit their pos-
sible rotation velocities.
An additional goal of this paper is to determine
whether LCBGs are rotationally-supported disk galax-
ies or dispersion-dominated bulges to better understand
their likely future morphologies once their star forma-
tion has been quenched. Since our resolved study can
also distinguish velocity dispersions from rotation veloc-
ities, we can compare their rotation velocities to their
velocity dispersions and look for evidence of disklike or
bulgelike behavior both at their outermost regions and
their centers. We can also use the ratio of ordered to
random motions and the gas fractions that we have mea-
sured to look for evidence of disk instabilities that could
trigger star formation in these galaxies. These measure-
ments will better constrain the future evolution of local
4LCBGs, and have strong implications for the possible
evolutionary products of their z ∼ 1 counterparts.
In this paper, we describe our sample of LCBGs in
Section 2. We describe our results in Section 3, and
discuss their physical implications in Section 4. We give
our conclusions in Section 5. We briefly address the
properties of each LCBG in the Appendix. We assume
H0 = 70 km s
−1Mpc−1 throughout this paper.
2. SAMPLE SELECTION, OBSERVATIONS, AND
DATA REDUCTION
2.1. Sample selection
We chose nine galaxies from the SDSS- and Markarian-
selected single-dish sample of LCBGs that Garland et
al. (2004) observed with the Green Bank Telescope
(GBT). We also included an additional SDSS galaxy
(SDSS0125+0110) in our sample, selected from the
single-dish sample of LCBGs that Garland et al. (in
prep) observed with Arecibo. The Garland et al. sam-
ples were chosen for their blue colors, high luminosities,
and compact appearances similar to properties outlined
by Werk et al. (2004, see Garland et al. (2004) for a more
detailed discussion of the selection criteria). We selected
sources that had not been previously observed in H I
emission at high resolution with interferometers. The
galaxies we observed span the full range of colors of the
GBT sample, but do not include the very brightest or
most compact galaxies in the GBT sample that Garland
et al. (2004) observed. We made sure to include galaxies
with and without known optical companions. We show
the optical properties of the galaxies in our sample in Ta-
ble 1 calculated using SDSS Data Release 9 magnitudes
and radii (DR9, Ahn et al. 2012) using the equations
in Section 2.1.2 of Garland et al. (2004). The galaxies
in our sample were strong detections in single-dish H I
observations (Garland et al. 2004), which makes them
good candidates for interferometer observations. The
galaxies in our sample have heterogeneous morpholo-
gies, including isolated spiral galaxies, galaxies with
tidal tails, multiple galaxies in a common H I envelope,
galaxies with distant companions, and galaxies with dis-
turbed gas components. One source (SDSS1319+5253)
contains three galaxies in a common H I envelope, one
of which (SBS 1317+523B) is an LCBG. The galaxy
that was not included in the original Garland et al.
(2004) sample (SDSS0125+0110) is not consistent with
the LCBG optical parameters defined by Werk et al.
(2004) when using the photometry of DR9, though it
is consistent with these optical parameters when using
the photometry of SDSS Data Release 4 (DR4), which
Garland et al. (2004) used to select the original local
LCBG sample. As its optical properties remain close to
the LCBG optical cuts described by Werk et al. (2004),
are within the defined LCBG optical parameters when
using the photometry of earlier SDSS data releases, and
remain within optical properties of LCBGs as described
by other authors (for example, Guzma´n et al. 1997),
we include it in our analysis. We discuss each galaxy
individually in the Appendix.
2.2. GMRT observations and reduction
We observed eight galaxies with the GMRT near
Pune, India. The GMRT is comprised of 30 an-
tennas in a fixed Y-configuration with 14 anten-
nas within 1 km and a maximum baseline of 25
km. We observed five galaxies (SDSS0728+3532,
SDSS0934+0014, SDSS0936+0106, SDSS1319+5253,
and SDSS1402+0955) in January 2006, along with three
additional galaxies (SDSS0119+1452, SDSS0125+0110,
and SDSS1507+5511) in January 2007. We observed
each galaxy during a separate session with measure-
ments of flux calibrators 3C48, 3C147, and/or 3C286
at the beginning and end of the observing run. We in-
terspersed observations of a bright, unresolved, nearby
phase calibrator every ∼ 40 minutes that we selected
from the VLA calibrator manual for a typical observing
session of ∼ 9 hours. We flagged and calibrated the
data using the Astronomical Image Processing System
(AIPS)1 data reduction package using the standard pro-
cedures. For the GMRT this requires doing an initial
calibration for a single, RFI-free channel before flagging
and calibrating the full observing band. We made data
cubes from the inner 50 channels (out of an original
128 channels with a channel width of ∼ 13.7 km s−1)
using the AIPS task IMAGR. For each galaxy, we made
two different cubes: a “low-resolution” cube (typically
∼ 50′′ − 60′′) made from baselines shorter than 5 kλ,
and a “high-resolution” cube (typically 5′′ − 20′′) made
with a larger UV range (made from baselines out to
50 kλ − 120 kλ). When making the high-resolution
cubes, we chose robustness parameters, UV tapers, and
UV ranges for each galaxy in order to maximize the
resolution while maintaining a high level of signal to
noise. We cleaned the data cubes using the number of
iterations necessary for the total flux of the clean com-
ponents in a central channel to reach a plateau so as
not to incorporate too many negative clean components.
See Table 2 for the imaging parameters used for each
galaxy.
We used the high-resolution data cubes to make Mo-
ment 0 (total intensity), Moment 1 (intensity-weighted
velocity), and Moment 2 (velocity dispersion) maps, as
1 aips.nrao.edu
5well as low-resolution Moment 0 maps that include de-
tected companions, for each LCBG using the AIPS task
MOMNT. These moment maps are shown in Figures 1
- 8. We typically clipped the high-resolution moment
maps at the 2−3σ level, where we measured σ from the
RMS in an emission-free channel. We chose this noise
cut to maximize the galaxy emission shown in the mo-
ment maps, while minimizing the noise shown. We made
an effort to include companions and preserve extended
structures with lower column densities when possible in
order to more fully show the morphology and environ-
ment of these galaxies.
2.3. VLA observation and reduction of Mrk 325
We observed the final galaxy, Mrk 325, with the VLA
in the B and C configurations in December 2003 and
November 2002 as part of projects AP463 and AP438,
respectively. We also used data from the VLA archive
taken as part of project AM361 in May 1992 and project
AN62 in November 1993. In all cases, we performed flux
calibration via observations of 3C48 or 3C286, and phase
calibration through regular observations of J2254+247
(B2251+244). We carried out the data reduction for
each configuration separately in the usual manner us-
ing AIPS. Because the pointing center for the D con-
figuration observations was different than the B and C
configuration data, we made the data cubes by mosaick-
ing the observations in Miriad2 (Sault et al. 1995). We
made high-resolution and low-resolution moment maps
for Mrk 325 in the same way as described in Section 2.2,
shown in Figure 9.
3. RESULTS
3.1. H I content
The high-resolution Moment 0 maps in Figures 1-9
(panel a in each figure) show heterogeneous H I mor-
phologies. Despite the variety of morphologies, all of
the LCBGs in this sample have H I emission whose
maximum is within one beamwidth of with the center of
their optical emission, and extends beyond their stellar
radii (see Figure 10 for plots of the galaxies’ optical and
H I emission along their major axes). Seven (78%) of
the galaxies have companions that are detected in our H
I maps (see Table 3). In addition, seven of the LCBGs
(SDSS0119+1452, SDSS0728+3532, SDSS0934+0014,
SDSS1319+5203, SDSS1402+0955, SDSS1507+5511,
and Mrk 325) have H I intensity contours that appear
asymmetric.
We measured H I profiles for each LCBG using the
AIPS task ISPEC. We used the low-resolution data
2 http://www.atnf.csiro.au/computing/software/miriad/
cubes in order to avoid missing short spacings. We
chose spatial boundaries for ISPEC using the 2 − 3σ
extent of each LCBG’s H I emission in low-resolution
Moment 0 maps. In the case of multiple galaxies in a
common H I envelope, we measured the H I profile of
the entire envelope because identifying boundaries for
each galaxy while excluding H I emission associated with
other galaxies or tidal features in the envelope intro-
duced large uncertainties. We note that this means that
measurements of quantities such as MHI using the H I
profiles of LCBGs in larger envelopes (SDSS0728+3532
and SDSS1319+5203) also encompass the entire enve-
lope, including multiple galaxies.
We calculated an integrated flux for each galaxy by
summing the flux in each channel within the first cross-
ing at 0 mJy on each side of the peak and multiplying the
sum by one channel width. We found uncertainties on
the integrated fluxes following the method of Chandra et
al. (2004). To do this, we measured the RMS of the emis-
sion within an aperture that did not spatially coincide
with a galaxy’s position. We made this measurement in
a velocity channel of each galaxy’s low-resolution cube
that did not contain any H I emission from the target
galaxy or any of its companions. We then added this
value in quadrature with 10% of the galaxy’s peak flux
(a conservative estimate of the GMRT’s flux calibration
uncertainty) so that the uncertainty in each galaxy’s
integrated flux is δ
∫
S dv =
√
(SRMS)2 + (0.1 Speak)2.
After finding their integrated H I fluxes and uncertain-
ties, we then calculated MHI for each galaxy (or group
of galaxies, in the case of systems with multiple galaxies
sharing a common H I envelope) using the equation
(
MHI
M
)
= 2.356× 105
(
DHI
Mpc
)2 ∫
S dv
Jy km s−1
(1)
where
∫
S dv is the integrated H I flux within the spec-
trum’s crossing of 0 mJy and DHI is the galaxy’s distance
derived from dividing the recession velocity by the Hub-
ble constant. This equation assumes that a galaxy’s H I
is optically thin, and that it is at low redshift, which are
reasonable assumptions for this sample. The H I profile
properties for each galaxy are listed in Table 4.
We compare the MHI we measure for the LCBGs in
our sample to those measured from the integrated line
profiles observed by Garland et al. (2004) for the same
LCBGs using single-dish observations in Table 4. Many
of the LCBGs that Garland et al. (2004) detected had
optical companions within the GBT beam. If these com-
panions contain H I, they will add emission to the ob-
served H I spectrum, and thus increase the measured
MHI above what would be measured if the target LCBG
6(a) (b)
(c) (d)
(e) (f)
Figure 1. SDSS0119+1452 (NGC 469): (a) Moment 0 contours made with a 13′′ × 13′′ beam overlaid on a SDSS DR9 gri image.
Contours represent H I intensities equivalent to column densities of 2n × 1020 cm−2 for n = 0, 1, 2, 3. Image units are analog to digital
units (ADU). (b) Moment 0 map with the same contours as in (a). Map units are Jy Beam−1 m s−1. (c) Moment 1 map with a thick
line showing the major axis. Contours are 10 km s−1. Map units are km s−1. (d) Velocities along the major axis slice shown in (c). (e)
Moment 2 map with 5 km s−1 contours. Map units are km s−1. (f) Low-resolution Moment 0 contours made with a 52′′ × 47′′ beam
overlaid on SDSS DR9 gri image. Contours represent H I intensities equivalent to column densities of 2n × 1020 cm−2 for n = 0, 1. Image
units are the same as in (a). The horizontal and vertical axes of each map are right ascention and declination (J2000). Beam sizes are
shown in the lower left corner of each map.
7was able to be observed by itself. We flag the galaxies
that Garland et al. (2004) identified as having compan-
ions within the GBT beam in Table 4.
In contrast to previous single-dish observations, our
observations can spatially resolve the LCBGs from their
companions. Thus, the MHI that we measure by inte-
grating over the intensities measured in each velocity
channel within the spatial boundaries of each galaxy’s
H I map are more likely to reflect the true MHI of the
target galaxies than those measured from integrating
over the H I spectrum observed in an unresolved sin-
gle pointing. In addition, having unresolved compan-
ions or tidal features in the beam can act to broaden
a galaxy’s observed linewidth, and thus increase its in-
ferred rotation velocity. Since LCBGs’ possible evolu-
tionary scenarios depend on whether they are rotation-
dominated, dispersion-dominated, or show signatures
of interactions, it is important to determine whether
LCBGs’ linewidths can be interpreted as the result of
rotation. We discuss this further in Section 4.2.
3.2. Velocity measurements
As is shown in the high-resolution Moment 1 maps
(panel c in Figures 1 - 9), all of the LCBGs in our sample
show a velocity gradient in their Moment 1 maps, which
is evidence of rotation. We measured systemic and rota-
tion velocities (Vrot) for the LCBGs in our sample using
the high-resolution Moment 1 maps for each LCBG by
measuring a slice of velocities along the galaxies’ major
axes (see panel d of Figures 1 - 9).
We determined the major axis of each galaxy using a
visual inspection of their Moment 1 maps to identify fea-
tures of rotation. We then used the program KPVSLICE
from the Karma3 package of reduction tools to produce
position-velocity diagrams from the data cube along this
major axis. This method produced measured, rather
than fit, rotation curves from which we measured Vrot
at the half-light radius (Reff), the extent of ongoing star
formation (R25(B), the radius at which the galaxy has
SBe(B) = 25 mag arcsec−2) and the extent of neutral
hydrogen (RHI, calculated as half of the galaxy’s diam-
eter across its major axis between locations with a col-
umn density of 1 M pc−2, or NHI = 1.26×1020 cm−2).
We note that while this method produced easily measur-
able and reproducible values of Vrot that do not depend
on the velocities projected onto the Moment 1 map be-
cause they are measured directly from the data cube,
these velocities are only valid along the H I major axis.
We report the uncertainty on Vrot as one channel width
corrected for optical inclination. We also calculated re-
3 http://www.atnf.csiro.au/computing/software/karma/
cession velocities as the velocity halfway between the
velocities at each RHI edge along the major axis, and
Mdyn using Vrot at R25(B) and RHI. We report these
values in Table 5.
We attempted to fit rotation curves using the AIPS
task GAL and the tilted-ring fitting code 3DBarolo4 (Di
Teodoro & Fraternali 2015) to each of these LCBGs to
determine their H I centers, Vrot, recession velocities,
and inclinations. While we were able to fit rotation
curves to the galaxies if we assumed a rotation curve
shape and held some parameters fixed, it was not possi-
ble to fit well-constrained rotation curves for the galaxies
that allowed the centers, extents, position angles, and in-
clinations of the galaxies to be free parameters and did
not assume a rotation curve shape, even when using the
Moment 0 maps as weights.
The Vrot values derived from measuring along the ma-
jor axis of each galaxy are less dependent on models
that have systematic uncertainties than rotation curve
fits, and are more easily reproduced. Thus, we use the
velocities along the major axis shown in Table 5 when
discussing Vrot in the remainder of the paper.
We then calculated Mdyn for each LCBG using the
equation
Mdyn =
V2rot × R
G
(2)
where R is the radius at which Vrot is measured (and
within which Mdyn applies). Vrot is corrected for incli-
nation by
Vrot =
Vmeasured
sin i
(3)
where i is the optical inclination calculated using
i = cos−1(expABi), where expABi is the ratio of each
galaxy’s minor and major axis lengths in the SDSS i
band using an exponential galaxy profile as reported in
each galaxy’s SDSS DR9 photometry table.
We note that the Vrot, and thus Mdyn, that we cal-
culate depend on the galaxies’ inclinations. Since we
do not have the spatial or velocity resolution to reli-
ably fit rotation curves and inclination models to the
LCBGs in our sample, we have not been able to accu-
rately measure the inclinations of the galaxies’ gas. We
are thus restricted to the same assumption that Garland
et al. (2004) made: the gas in these galaxies is inclined
at the same angle with respect to our line of sight as
their optical components. Since the galaxies appear to
have disklike rotation, we do not have evidence that this
is an unreasonable assumption. de Blok et al. (2008)
compared the optical inclinations of nearby galaxies for
4 http://editeodoro.github.io/Bbarolo/
8(a) (b)
(c) (d)
(e) (f)
Figure 2. SDSS0125+0110 (ARK 044): (a) Moment 0 contours made with a 22′′ × 13′′ beam overlaid on a SDSS DR9 gri image.
Contours represent H I intensities equivalent to column densities of 2n × 1020 cm−2 for n = 0, 1, 2, 3. Image units are analog to digital
units (ADU). (b) Moment 0 map with the same contours as in (a). Map units are Jy Beam−1 m s−1. (c) Moment 1 map with a thick
line showing the major axis. Contours are 25 km s−1. Map units are km s−1. (d) Velocities along the major axis slice shown in (c). (e)
Moment 2 map with 5 km s−1 contours. Map units are km s−1. (f) Low-resolution Moment 0 contours made with a 54′′ × 45′′ beam
overlaid on SDSS DR9 gri image. Contours represent H I intensities equivalent to column densities of 2n × 1020 cm−2 for n = 0, 1, 2.
Image units are the same as in (a). The horizontal and vertical axes of each map are right ascention and declination (J2000). Beam sizes
are shown in the lower left corner of each map.
9which they measured high-resolution H I maps to incli-
nations measured by fitting ellipses to the galaxies’ H I
contours and inclinations derived from rotation curve fit-
ting. For these galaxies, the average difference between
the optical inclinations and the inclinations from the H
I disk contours is −0.6◦ ± 14◦. The average difference
between the optical inclinations and the inclinations de-
rived from rotation curve fitting was −2.3◦ ± 17◦. They
determined that for finding the average inclination of
a disk, using H I contours is just as reliable as using
the optical inclination. We use optical inclinations to
correct Vrot in this paper, and acknowledge that this
introduces a systematic uncertainty into the Vrot values
we report.
3.3. Velocity dispersions
We calculated the average intensity-weighted velocity
dispersions, σ, of the LCBGs in our sample by taking
the average pixel values of the Moment 2 maps at four
locations: (1) within a circle bordered by the half-light
radius, Reff(B), (2) within a circle bordered by R25, (3)
for the whole disk within RHI, and (4) outside of region
within R25. We chose the R25 radius limit because it
has been previously found that R25 generally signifies
the outer limit of active star formation in dwarf and
spiral galaxies (Tamburro et al. 2009). Thus, σ within
R25 is a measure of the gas properties that affect and
are affected by galaxies’ star formation (primarily by
processes such as supernovae that trace recent star for-
mation), while σ outside of R25 probes the kinematics
of the galaxies beyond the region where they actively
form stars (Tamburro et al. 2009). These values of σ
are tabulated in Table 6.
Since the LCBGs’ Reff are not well-resolved by the
beams in the high-resolution maps (Reff/Rbeam = 1.0
on average, with a range of 0.45 to 1.9), beam smearing
is likely to affect the velocity dispersions within Reff . To
correct for the effects of beam smearing in the centers of
the LCBGs that we observed, we applied a correction to
σReff following Di Teodoro & Fraternali (2015) and Stott
et al. (2016). To find the intrinsic velocity dispersion
of the H I, we used the equation σHI =
√
σ2obs − σ2inst.
In this equation, σobs is the average velocity dispersion
within Reff measured from the Moment 2 map and cor-
rected for beam smearing. This beam smearing correc-
tion is done by subtracting the velocity gradient within
σReff (σobs = σmeas −∆V/∆R where ∆R is the number
of pixels along Reff and ∆V is half of the velocity gra-
dient between opposite points at Reff along the major
axis, uncorrected for inclination). σinst is the estimated
contribution to the observed velocity dispersion from in-
strumental effects due to the finite velocity resolution of
the telescopes (σinst = Wchan/
√
2ln2). This correction
decreased σReff by an average of 27% with respect to
the uncorrected average velocity dispersion within Reff ,
with a standard deviation of 10%. For SDSS 0125+0110,
we only report a 3σ upper limit for the velocity disper-
sion within Reff because subtracting the correction from
the measured average velocity dispersion within Reff re-
sulted in a negative number. We do not expect beam
smearing to have a significant contribution to the veloc-
ity dispersion at larger radii (R25 is on average 4.4 times
larger, and RHI is on average 6.8 times larger, than the
beam radius along the major axis for the LCBGs in our
sample), so we only apply the correction to σReff .
We find that the areas of highest σ tend to coincide
with the optical centers of the LCBGs in our sample,
similar to what Tamburro et al. (2009) measured for
spiral galaxies. This is true not only for the relatively
isolated LCBGs, but also for LCBGs with companions
(even those with companions in a common H I envelope,
with obvious evidence of gas interactions and disturbed
morphology).
We also calculated the ratio of each LCBG’s Vrot (cor-
rected for inclination) at a given radius to its average σ
inside of that radius, Vrot/σ, to determine the relative
contributions of ordered rotation and disordered motion
of each galaxy’s H I emission. A galaxy’s Vrot/σ values
are indicative of whether it has bulge-like or disk-like
behavior, with values of Vrot/σ < 1 signifying that ran-
dom motions of the individual gas clouds dominate over
rotation. Such values of Vrot/σ are typically present in
a galaxy’s bulge, if it has one, while values of Vrot/σ ∼ 1
can be found in “pseudobulges”, which are built up by
internal processes and maintain some rotation (for a re-
view, see Kormendy & Kennicutt 2004). We also wanted
to investigate possible gravitational instabilities in the
disks as a potential trigger for star formation, which
can be traced by comparing Vrot/σ to the amount of
gas available in the disk. In Table 6, we show values
of Vrot/σ within several radii. We find that Vrot/σ in-
creases at larger radii, with the highest values occuring
when σ is measured outside of R25, and the lowest val-
ues occurring within Reff . We discuss the implications
of LCBGs’ Vrot/σ values in Section 4.3.
4. DISCUSSION
4.1. Companions, mergers, and interactions
It has been hypothesized that LCBGs’ bright, blue,
strongly star-forming appearances are due to star for-
mation triggered by major and minor mergers (Amram
& O¨stlin 2001; O¨stlin et al. 2001). These authors point
out that LCBGs tend to have asymmetrical stellar distri-
butions and non-uniform rotation curves, which are sug-
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Figure 3. SDSS0728+3532 (ARK 134): (a) Moment 0 contours made with a 13′′×8′′ beam overlaid on a SDSS DR9 gri image. Contours
represent H I intensities equivalent to column densities of 2n × 1020 cm−2 for n = 0, 1, 2, 3, 4, 5. Image units are analog to digital units
(ADU). (b) Moment 0 map with the same contours as in (a). Map units are Jy Beam−1 m s−1. (c) Moment 1 map with a thick line
showing the major axis. Contours are 25 km s−1. Map units are km s−1. (d) Velocities along the major axis slice shown in (c). (e) Moment
2 map with 10 km s−1 contours. Map units are km s−1. (f) Low-resolution Moment 0 contours made with a 55′′ × 53′′ beam overlaid on
SDSS DR9 gri image. Contours represent H I intensities equivalent to column densities of 2n × 1020 cm−2 for n = 0, 1, 2, 3. Image units
are the same as in (a). The horizontal and vertical axes of each map are right ascention and declination (J2000). Beam sizes are shown in
the lower left corner of each map.
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gestive of mergers and interactions. In contrast, Werk
et al. (2004) find that the majority of their sample of
local LCBGs have symmetric morphologies. It is known
that star formation can be triggered by mergers and in-
teractions, so it would not be surprising if LCBGs were
merger-driven. However, Garland et al. (2015) found
using optical data that only 20% of the galaxies in their
sample of local (D < 76 Mpc) LCBGs are in merging
systems. In our sample, two of the nine galaxies have
H I gas that overlaps with the gas of another galaxy,
which is consistent with the merger rate of the Garland
et al. (2015) sample. The relatively low percentage of
LCBGs in merging systems suggests that the LCBGs in
our sample do not seem to require ongoing mergers to
trigger their star formation.
Even though the LCBGs in our sample and the sam-
ple observed by Garland et al. (2015) are not preferen-
tially undergoing current major mergers, LCBGs have
been observed to be commonly found in denser environ-
ments where close encounters with other galaxies that
disturb their gas are more likely. Garland et al. (2015)
found that in their sample, 40% of LCBGs are found
in clusters. Crawford et al. (2011) found that from
0.5 < z < 1.0, LCBGs are more likely to reside in
denser environments at lower redshifts than at higher
redshifts, and Crawford et al. (2014) found that LCBGs
tend to reside in the outer regions of clusters. Those
authors hypothesize that in intermediate-redshift clus-
ters, LCBGs are gas-rich blue galaxies whose star forma-
tion is triggered during their first infall into the cluster
(Crawford et al. 2011, 2014). The LCBGs in our sam-
ple tend to have other galaxies nearby. In our sample,
seven out of nine LCBGs have companions within one
GBT beamwidth at 1.4 GHz, which is 167 kpc across at
the average distance of the LCBGs in our sample, and
three of the nine LCBGs have companions within one
Arecibo beamwidth at 1.4 GHz, which is 56 kpc across
at the average distance of the LCBGs in our sample. Six
out of those seven LCBGs with companions have com-
panions that we detect in our H I maps, and five of those
seven have detected companions within ∼10 times the
LCBGs’ H I radii (RHI) and within 100 km s
−1 of the
LCBGs’ systemic velocities. Seven of the nine LCBGs
have disturbed gas properties that may be the result
of an interaction with a companion, such as irregular
morphologies, H I major axes that are offset in position
angle from optical major axes, and disturbed velocity
fields. Because this is not the case for every LCBG in our
sample, we do not have strong evidence from this study
that star formation in LCBGs must be triggered solely
by interactions, though interactions may contribute to
the star formation properties of some LCBGs. We dis-
cuss an additional potential cause of star formation in
LCBGs in Section 4.4.1.
4.2. Comparison with single-dish results
One of the primary goals of this study was to investi-
gate how results from single-dish observations of nearby
LCBGs compare to those derived from resolved maps.
Since LCBGs are unresolved at the distances at which
they are common, it is important to determine whether
unresolved observations of these galaxies are sufficient to
describe their global properties and predict their evolu-
tionary paths. Eight of the LCBGs in our sample were
observed with the GBT by Garland et al. (2004) at a
resolution of ∼ 9′, which is large with respect to their
RHI. We compare the MHI of these galaxies derived
from our resolved observations and the unresolved ob-
servations of Garland et al. (2004) in the last column of
Table 4 (SDSS0125+0110 was not observed by Garland
et al. 2004, and so we exclude it from these compar-
isons). We find that for six of the eight LCBGs common
to both samples, the single dish observations generate
an equal or greater MHI than what we calculate from
resolved observations. We recover more H I emission
for two of the LCBGs in our sample (SDSS0728+3532
and SDSS1319+5203) than was measured by Garland
et al. (2004), which is likely due to those galaxies re-
siding in H I envelopes that include other galaxies (the
H I masses we report for those two LCBGs are for the
entire envelope), though their H I envelopes are unre-
solved with the GBT beam. On average, the MHI that
we measure is 76% of what Garland et al. (2004) mea-
sured in their single dish observations, although there is
a large dispersion (40%) between the values obtained in
both measurements.
We note that we used slightly different distances to
calculate MHI than Garland et al. (2004) did. The reces-
sion velocities we measured, and thus the distances we
calculated, were on average 5 km s−1 lower than those
measured by Garland et al. (2004). This translates to a
difference of 0.1 Mpc, and no galaxy had a difference of
more than 1 Mpc. If we calculate MHI using distances
derived from the same Vsys that Garland et al. (2004)
used, we measure 78% ± 42% of the H I that Garland
et al. (2004) did. We will use the distances employed by
Garland et al. (2004) for the remainder of the compar-
isons in this section.
In comparison, in resolved observations of five LCBGs
with the VLA, Garland et al. (2007) measured values of
MHI that were on average 61% of the measured single
dish values from Garland et al. (2004), with a similarly
large dispersion. If we remove the two galaxies that
reside in larger H I envelopes from consideration, we
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Figure 4. SDSS0934+0014 (UGC 05097): (a) Moment 0 contours made with a 20′′ × 20′′ beam overlaid on a SDSS DR9 gri image.
Contours represent H I intensities equivalent to column densities of 2n × 1020 cm−2 for n = 0, 1, 2, 3. Image units are analog to digital
units (ADU). (b) Moment 0 map with the same contours as in (a). Map units are Jy Beam−1 m s−1. (c) Moment 1 map with a thick
line showing the major axis. Contours are 25 km s−1. Map units are km s−1. (d) Velocities along the major axis slice shown in (c). (e)
Moment 2 map with 10 km s−1 contours. Map units are km s−1. (f) Low-resolution Moment 0 contours made with a 75′′ × 49′′ beam
overlaid on SDSS DR9 gri image. Contours represent H I intensities equivalent to column densities of 2n × 1020 cm−2 for n = 0, 1, 2.
Image units are the same as in (a). The horizontal and vertical axes of each map are right ascention and declination (J2000). Beam sizes
are shown in the lower left corner of each map.
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recover on average 59% of the MHI that Garland et al.
(2004) measured for the remaining six galaxies, with a
dispersion of 26%, which is consistent with the Garland
et al. (2007) result.
We also compare the inclination-corrected Vrot and
Mdyn values we derive from our data cubes to those
calculated from W20 corrected for inclination in the
Garland et al. (2004) sample in Table 7. With the ex-
ception of SDSS1507+5511, the single-dish Vrot values
calculated by Garland et al. (2004) using half of W20
corrected for inclination are larger than the inclination-
corrected Vrot values that we measure using a cut along
the major axis (〈0.5×W20/Vrot〉 = 2.2 ± 1.3). Since the
observations of Garland et al. (2004) were made with
beam sizes large enough to include contributions from
companion galaxies in the case of SDSS0119+1452,
SDSS0934+0014, SDSS0936+0106, SDSS1319+5203,
and SDSS1402+0955, and tidal features in the case of
SDSS0728+3532 and SDSS1319+5203, their measure-
ments of W20 are not spatially resolved enough to dis-
tinguish the velocity contributions of the LCBGs from
the contributions of their nearby companions.
When calculating Mdyn, Garland et al. (2004) esti-
mated that RHI = 2×R25, following Broeils & van Wo-
erden (1994), since they did not have measured values
of RHI. We compare the estimated and measured values
of RHI in Table 7. The RHI values that we measure are
on average 81% of those used in Garland et al. (2004),
though the scatter is relatively large (〈RGMRTHI /Rest.HI 〉 =
0.81 ± 0.42). SDSS0728+3532, SDSS0936+0106, and
SDSS1319+5203 have measured RHI values that are
larger than those that Garland et al. (2004) estimated.
We use our measured RHI to calculate Mdyn here.
With the exception of SDSS0936+0106 and SDSS
1507+5511, the Mdyn within the estimated RHI calcu-
lated by Garland et al. (2004) are larger than those that
we calculate here, owing to the larger Vrot and RHI val-
ues estimated using single dish observations. On aver-
age, the single-dish Mdyn values are 10.5 times larger
than Mdyn measured along the galaxies’ major axes,
with a large scatter (σ(MGBTdyn /MGMRTdyn ) = 10.3).
The H I mass fractions, fHI = MHI/Mdyn, that we
calculate using our resolved observations are on aver-
age nine times larger than those calculated from single-
dish measurements, though with an equivalent stan-
dard deviation (〈fGMRTHI /fGBTHI 〉 = 6.1 ± 6.1. Only
SDSS0936+0106 and SDSS1507+5511 have smaller fHI
when using resolved data than the fHI values derived
from single-dish observations. For two of the LCBGs,
SDSS0728+3532 and SDSS1319+5203, the MHI values
that we calculate encompass the entire, multi-galaxy H
I envelopes in which these galaxies reside, while Mdyn
only encompasses the LCBGs. As a result, the fHI that
we calculate are likely much higher than the true values
(for example the fHI values of SDSS1319+5203 is 3.5,
which is unphysically high).
The major advantages that our current study has over
those undertaken with single dishes are that (1) our im-
proved spatial resolution enables us to distinguish indi-
vidual galaxies from their nearby companions, (2) map-
ping the galaxies allows for their rotation axes to be
identified and their Vrot to be measured rather than es-
timated from linewidths, and (3) mapping the galaxies
also makes measuring their RHI possible, enabling calcu-
lations of their Mdyn to be made with fewer assumptions.
We generally calculate lower Mdyn and higher fHI than
what was calculated from single-dish measurements by
Garland et al. (2004). This result strengthens their as-
sertion that LCBGs are gas-rich galaxies with smaller
Mdyn than elliptical galaxies.
From comparing the H I properties of the LCBGs in
our sample to those measured with a single dish, we find
that the Vrot, RHI, and Mdyn that we measure are not
related by a simple scale factor to those estimated using
single dish linewidths and R25. See Figure 11 for a vi-
sual representation of the scatter in the H I properties
that we measure when compared to those reported by
Garland et al. (2004). We note that our sample size is
small, so we cannot rule out a characteristic relationship
between R25 and RHI or between single-dish linewidths
and Vrot in LCBGs, though we do not find such a rela-
tionship here.
4.2.1. Comparison with stellar masses
As a constraint on the Mdyn that we have calculated,
we have also calculated stellar masses, M∗, for each
LCBG using the equation log(M∗/L) = aλ + bλ ×Color
given in Bell & de Jong (2001), where aλ and bλ are
constants dependent on the wavelength of measured lu-
minosity and are tabulated in Table 1 of Bell & de Jong
(2001). We used the B − V colors that we listed in
Table 1, and K-band magnitudes from the Two Mi-
cron All Sky Survey (2MASS) catalog (Skrutskie et al.
2006). We note that three LCBGs, SDSS0119+1452,
SDSS0934+0014, and Mrk 325, had Mdyn values lower
than their stellar masses. Bell & de Jong (2001) state
that the scatter on their color - M∗/L relation is ∼ 10%,
which is smaller than the difference between the M∗ and
Mdyn values for these galaxies, so it is not likely that
uncertainties on the color - M∗/L relation are respon-
sible for this unphysical result. There are two possible
reasons for these galaxies having larger M∗ than Mdyn.
First, if a galaxy’s H I is more face-on than its optical
emission, then we have likely underestimated its Mdyn
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Figure 5. SDSS0936+0106 (CGCG 007-009): (a) Moment 0 contours made with a 12′′ × 11′′ beam overlaid on a SDSS DR9 gri image.
Contours represent H I intensities equivalent to column densities of 2n × 1020 cm−2 for n = 0, 1, 2, 3, 4, 5. Image units are analog to
digital units (ADU). (b) Moment 0 map with the same contours as in (a). Map units are Jy Beam−1 m s−1. (c) Moment 1 map with a
thick line showing the major axis. Contours are 25 km s−1. Map units are km s−1. (d) Velocities along the major axis slice shown in (c).
(e) Moment 2 map with 10 km s−1 contours. Map units are km s−1. (f) Low-resolution Moment 0 contours made with a 55′′ × 46′′ beam
overlaid on SDSS DR9 gri image. Contours represent H I intensities equivalent to column densities of 2n × 1020 cm−2 for n = 0, 1, 2.
Image units are the same as in (a). The horizontal and vertical axes of each map are right ascention and declination (J2000). Beam sizes
are shown in the lower left corner of each map.
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due to under-correcting its rotation velocity for inclina-
tion. Since these three galaxies were the most difficult
to identify axes of rotation for, it is likely that the un-
certainty in their rotation velocities is higher than for
the other LCBGs. Second, the equation used to cal-
culate M∗ is a relationship between M∗/L and galaxy
colors determined by a model for several combinations
of colors and optical and near-infrared absolute magni-
tudes. As was shown in Garland et al. (2004), LCBGs
are more likely to have lower M/L than the average for
local galaxies, and Bell & de Jong (2001) find that bluer
colors correlate with lower M/L. If LCBGs significantly
deviate from the color-M/L relationship that Bell & de
Jong (2001) have derived (for example, if the B−V that
we use in our calculations is redder than the average
B − V for a galaxy’s disk), we may be overestimating
their stellar masses.
4.3. Tully-Fisher relation
The Tully-Fisher (T-F) relation (Tully & Fisher 1977)
posits that for rotating galaxies, intrinsic luminosity is
proportional to the galaxy’s Vrot raised to the fourth
power. Garland et al. (2004) showed that not all of the
LCBGs in their sample follow the T-F relation when
they estimated Vrot using single-dish linewidths. It
would be expected that a galaxy with active star forma-
tion could have a temporarily elevated B-band intrin-
sic brightness relative to the expected brightness from
the T-F relation given its Vrot. Garland et al. (2004)
did see some evidence of that effect in their sample. In
addition, they also found that some LCBGs are less in-
trinsically bright in the B band than their Vrot would
suggest, which would not be expected for star-forming
galaxies. Since a galaxy undergoing active star forma-
tion becomes fainter in the B band once its star-forming
episode ends, an LCBG that is fainter than would be
expected for a galaxy on the T-F relation would never
become bright enough to evolve onto the T-F relation.
However, if a galaxy’s Vrot is overestimated by its single-
dish linewidth, the galaxy could appear to be too faint
to follow the T-F relation given its (overestimated) Vrot.
This scenario could happen if, for example, an unre-
solved nearby companion or tidal feature exists whose
recession velocity overlaps with the rotation velocity
range of the target galaxy. Garland et al. (2004) found
that six of the ten LCBGs in their sample that are too
faint to follow the T-F relation have companions. Since
our resolved observations enable us to measure the Vrot
values of the LCBGs in our sample, we revisit whether
LCBGs follow the T-F relation using our velocity mea-
surements.
We have plotted the LCBGs in our sample in Figure
12 along a version of the T-F relation described in Tully
& Pierce (2000). In this plot, we use Vrot as measured
along the galaxies’ major axes and corrected for optical
inclination, as well as their MB listed in Table 1. We also
plotted the corresponding linewidths and MB calculated
for those LCBGs in Garland et al. (2004). Five of the
nine LCBGs in our sample appear to follow the T-F rela-
tion (within error bars), while four LCBGs are brighter
than anticipated given their Vrot. Three of these four
LCBGs have M∗ > Mdyn as discussed in Section 4.2.1.
None of the LCBGs in our sample have lower than ex-
pected luminosities given their Vrot values, while six of
the LCBGs have low luminosities with respect to rota-
tion velocities inferred from their linewidths as measured
in Garland et al. (2004). Since the average Vrot derived
from half of the galaxies’ single-dish linewidths is nearly
three times the Vrot values that we measure, we can
infer that the cause of some LCBGs lying to the right
of the T-F relation in single-dish measurements is likely
due to uncertainties in estimating Vrot from single-dish
linewidths.
In addition to a temporarily elevated luminosity due
to ongoing star formation, one potential cause of some
LCBGs being positioned to the left of the T-F relation
could be disturbed H I velocity fields due to mergers or
interactions. Eight of the nine LCBGs in our sample
have nearby companions or show signs of disturbed gas
morphology, though their optical morphologies remain
disk-like. If a galaxy’s Vrot is not accurately measured
by taking a cut along its major axis and correcting for
inclination (but is instead underestimated), the galaxy
could appear to be too luminous for its measured Vrot.
We also note that, as we discussed in Section 3.2, our
measured Vrot values include a correction for optical in-
clination that could introduce a systematic error into
the reported Vrot values. Since the four LCBGs that
lie to the left of the T-F relation also have M∗ > Mdyn,
it is likely that we are underestimating their dynamical
masses, and thus also underestimating their Vrot.
Another possible cause of deviation from the T-F rela-
tion, which does not exclude a merger scenario, could be
due to the formation of a bulge or pseudobulge (Tonini
et al. 2014). If LCBGs are undergoing their final ma-
jor burst of star formation while they build a bulge and
transition to more quiescent S0 or dE-type galaxies, we
may be able to see evidence of this transformation in
their H I properties. Earlier-type spiral galaxies have
higher mass-to-light ratios than later-type spirals, so
their T-F relations tend to be flatter than the average T-
F relation for spiral galaxies (Tonini et al. 2014). None
of the LCBGs in our sample appear to have higher mass
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Figure 6. SDSS1319+5203 (SBS 1317+523B): (a) Moment 0 contours made with a 15′′ × 12′′ beam overlaid on a SDSS DR9 gri image.
Contours represent H I intensities equivalent to column densities of 2n × 1020 cm−2 for n = 0, 1, 2, 3, 4, 5. Image units are analog to
digital units (ADU). (b) Moment 0 map with the same contours as in (a). Map units are Jy Beam−1 m s−1. (c) Moment 1 map with a
thick line showing the major axis. Contours are 25 km s−1. Map units are km s−1. (d) Velocities along the major axis slice shown in (c).
(e) Moment 2 map with 10 km s−1 contours. Map units are km s−1. (f) Low-resolution Moment 0 contours made with a 63′′ × 50′′ beam
overlaid on SDSS DR9 gri image. Contours represent H I intensities equivalent to column densities of 2n × 1020 cm−2 for n = 0, 1, 2, 3.
Image units are the same as in (a). The horizontal and vertical axes of each map are right ascention and declination (J2000). Beam sizes
are shown in the lower left corner of each map.
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to light ratios than the T-F relation would suggest (see
Figure 12), so we do not see evidence that the LCBGs in
our sample have prominent bulges like Sa-type galaxies.
As the LCBGs in our sample either follow the T-F re-
lation or have the potential to evolve onto it once their
blue luminosities fade due to decreased star formation
activity, we can infer that the LCBGs in our sample are
likely to be rotation-supported. An additional consider-
ation to include in our analysis is the effect of velocity
dispersion on the galaxies’ rotation velocities. Since we
measured the LCBGs’ rotation velocities at the edges
of the extent of the galaxies’ H I, where their velocity
dispersions are relatively low (see the Moment 2 maps
in Figures 1 - 9), the effects of velocity dispersions on
the galaxies’ rotation velocities that we have measured
are not likely to be significant. It is possible that the ro-
tation velocities measured by Garland et al. (2004) from
single-dish linewidths could be affected by the inclusion
of velocity dispersion. Garland et al. (2004) addressed
this effect by incorporating a correction for velocity dis-
persion in their reported linewidths, with the assump-
tion that the random motions of the gas contributed
∼ 38 km s−1 to the measured single-dish linewidth. If
this correction was insufficient, the additional contribu-
tion from velocity dispersion would increase the mea-
sured linewidth relative to what would be measured due
to pure rotation. This increase could contribute to the
data points in Figure 12 from Garland et al. (2004) that
lie to the right of the T-F relation, where it is impossible
to evolve onto the T-F relation solely due to quenching
of star formation.
To investigate whether the four LCBGs that lie to the
left of the T-F relation have kinematics that are not
dominated by rotation, we plotted the LCBGs in our
sample along the stellar mass T-F relation described by
Kassin et al. (2007). This relationship correlates M∗
with the kinematic property S0.5, which is defined as
S0.5 = (0.5V
2
rot + σ
2)1/2 (Weiner et al. 2006; Kassin et
al. 2007). Since we calculated M∗ using near-infrared
magnitudes, which are not as sensitive to recent star
formation as B-band magnitudes, the LCBGs that lie to
the left of the T-F relation may lie closer to the stellar
mass T-F relation if recent star formation is significantly
elevating the B-band magnitudes in these galaxies. In
Figure 12, we find that the same four LCBGs that lie
to the left of the T-F relation also lie to the left of the
stellar mass T-F relation when we measure Vrot and σ at
RHI, and three of those four LCBGs (SDSS1319+5203
is the exception) lie to the left of the stellar mass T-F
relation at R25. In addition, the five LCBGs that follow
the T-F relation lie to the right of the stellar mass T-F
relation.
Finally, we also plotted the baryonic T-F relation as
described in McGaugh & Schombert (2015) in the bot-
tom panel of Figure 12 to investigate whether combining
the LCBGs’ gas masses and stellar masses produced a
different result when plotted against their Vrot. The re-
sult was the same as for the other two versions of the
T-F relation: the same four galaxies lie to the left of the
baryonic T-F relation.
Since including both ordered rotation and disordered
motions in S0.5, and both gas and stellar masses in the
baryonic T-F relation, did not move the four LCBGs to
the left of the T-F relation onto the stellar mass or bary-
onic mass T-F relations, it is not likely to be the case
that these four LCBGs are dominated by disordered mo-
tions at large radii or have unusually large stellar masses.
It is instead likely that we are underestimating their dy-
namical masses. It is also possible that these galaxies
have recently undergone a merger or interaction that
has disturbed their kinematics, making their rotation
more difficult to measure and causing lower measured
Vrot and Mdyn than would be measured for more settled
disks. We discuss this possibility further in Section 4.5.
4.4. Disk and bulge kinematics
One way we can further infer whether LCBGs contain
significant bulges is to compare their ratios of ordered
to disordered motion to their ellipticity, . Using virial
theorem arguments, Vrot/σ can be related to  by
Vmax
σ
=
pi
4
√
2[(1− )−0.9 − 1] (4)
where  = 1− b/a (Sparke & Gallagher 2007). We plot
this relation, which indicates the maximum ratio of or-
dered motions to random motions allowable for a given
flatness of elliptical galaxies, in Figure 13. When mea-
sured within R25, all of the LCBGs in our sample lie
above this relation, along with spiral galaxies and late-
type dwarf galaxies from the THINGS sample (Walter
et al. 2008) and disklike star-forming galaxies at higher
redshifts (Cresci et al. 2009), which shows that they ro-
tate faster (or have smaller values of σ) than is permit-
ted for elliptical galaxies. By contrast, all of the dwarf
elliptical galaxies with a significant rotation component
studied by Geha et al. (2003), and most of the dwarf
ellipticals studied by van Zee et al. (2004), lie below this
relation. When we measured Vrot at Reff and the aver-
age σ within Reff , the Vrot/σ values of the galaxies in
our sample lie near the relation, which implies that the
gas in the central portion of LCBGs has approximately
the maximum Vrot possible for elliptical galaxies. While
the stellar kinematics of LCBGs may not be identical to
the gas kinematics at this radius, we expect both the
stars and the gas to trace a similar potential so close
18
(a) (b)
(c) (d)
(e) (f)
Figure 7. SDSS1402+0955 (NGC 5414): (a) Moment 0 contours made with a 23′′ × 14′′ beam overlaid on a SDSS DR9 gri image.
Contours represent H I intensities equivalent to column densities of 2n × 1020 cm−2 for n = 0, 1, 2, 3, 4. Image units are analog to digital
units (ADU). (b) Moment 0 map with the same contours as in (a). Map units are Jy Beam−1 m s−1. (c) Moment 1 map with a thick
line showing the major axis. Contours are 25 km s−1. Map units are km s−1. (d) Velocities along the major axis slice shown in (c). (e)
Moment 2 map with 10 km s−1 contours. Map units are km s−1. (f) Low-resolution Moment 0 contours made with a 53′′ × 53′′ beam
overlaid on SDSS DR9 gri image. Contours represent H I intensities equivalent to column densities of 2n × 1020 cm−2 for n = 0, 1, 2, 3.
Image units are the same as in (a). The horizontal and vertical axes of each map are right ascention and declination (J2000). Beam sizes
are shown in the lower left corner of each map.
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to the galaxies’ centers since their optical emission is
centrally concentrated, and the maximum intensities of
their H I emission are within a beamwidth of their peak
optical emission (e.g. Noordermeer et al. 2007; Serra et
al. 2016). Bershady et al. (2005) show that a sample
of very blue (B − V ∼ 0.25), very compact (SBe(B) ∼
19 mag arcsec−2) intermediate-redshift LCBGs lie be-
low the relation (see their Figure 2), which suggested
to them that LCBGs may evolve into dwarf elliptical
galaxies once their star formation has been quenched.
That study differs from ours in that it surveyed an ex-
treme subset of intermediate-redshift LCBGs and mea-
sured ionized gas rather than H I. Pe´rez-Gallego et al.
(2011) measured Vrot/σ for ionized gas using optical
emission lines for a sample of local LCBGs that has two
galaxies in common with our sample (SDSS1507+5511
and Mrk 325). When compared with the ellipticities of
those galaxies, the LCBGs in their sample behave in a
way similar to the LCBGs in our sample measured at
Reff . The Vrot/σ values that we have measured make
the presence of large-scale classical bulges that contain
gas unlikely at present in LCBGs, though the gas in the
innermost regions of LCBGs may display bulge-like be-
havior. This suggests that if the local LCBGs in our
sample are representative of the population of LCBGs
that is common at z ∼ 1, those higher-redshift LCBGs
must also be dominated by ordered rotation. If this
was the case, then LCBGs at higher redshifts are likely
disk galaxies with extensive star formation in their disks,
rather than irregular or spheroidal galaxies.
4.4.1. Disk instabilities and central bulges
Some studies have hypothesized that LCBGs are
bright, star-forming bulges (or bulge progenitors) of
disk galaxies (Barton & van Zee 2001; Hammer et al.
2001). This scenario is consistent with the centrally-
peaked σ values and relatively low central Vrot/σ values
that we find for many of the LCBGs in our sample.
The motion of the gas at large radii in the galaxies in
our sample is dominated by rotation (Vrot/σ > 1) even
within R25, and even for the LCBGs with disturbed
velocity fields, so we rule out the existence of gas-rich
“classical” bulges in our sample. Even so, it is possible
that the LCBGs in our sample have or are developing
central bars or “pseudobulges” (Kormendy & Kennicutt
2004), which are less supported by random motions than
they are by rotation.
One mechanism for developing a central bulge in
star-forming galaxies is the “clump-origin bulge” (e.g.
Noguchi 1998, 1999, 2000, 2001; Dekel et al. 2009;
Elmegreen et al. 2009; Inoue & Saitoh 2012). In this
scenario, gas infalling onto a galaxy’s disk develops over-
densities within the disk that contract and become star-
forming clumps. As the clumps orbit along with the rest
of the disk, they move toward the center of the galaxy
due to dynamical friction and can merge with other
clumps. When these clumps merge with each other,
star formation rates in the clumps increase briefly, which
gives the clumps a bright, blue appearance and drives
up the galaxies’ global star formation rates. Finally, the
few large clumps that remain merge in the center of the
galaxy, causing either a small clump-origin nuclear bulge
or bar that maintains some of the the angular momen-
tum that the clumps had in the disk. At this point,
the star formation rate of the clumps rapidly declines
(for a visual illustration of this process, see Figure 1
of Inoue & Saitoh 2012). The lifetimes of the clumps
are governed by their size (more massive clumps are less
likely to disperse due to outward pressure from their star
formation), as well as their distance from the center of
the galaxy (clumps that have less distance to travel as
they move toward the center are more likely to reach
the center of the galaxy intact). Clumpy galaxies have
been observed at a range of redshifts, including galax-
ies that resemble LCBGs. For example, Overzier et al.
(2009) found that star-forming clumps, including large,
bright central clumps, are common in a sample of Lyman
Break Analog galaxies at z∼ 0.1− 0.3 that have similar
effective radii and dynamical masses to the LCBGs in
our sample. Garland et al. (2015) found that 40% of
local LCBGs are clumpy, likely due to the buildup of
accreted gas from interactions with companions or ma-
terial in galaxy clusters.
To determine whether conditions in the LCBGs’ disks
are conducive to the formation of clumps, we can use
the gas properties we measure to calculate the galaxies’
Toomre parameters (Toomre 1964) for the stability of
their disks’ gas:
Qgas =
σgasκ
piGΣgas
(5)
where κ =
√
2Vrot/R for a flat rotation curve, and Σgas
is the gas mass surface density. For a disk to be sta-
ble, Q & 1. More accurate measures of Q incorporate
the disks’ stellar components as well (Dekel et al. 2009),
though we limit our present analysis to the LCBGs’ H
I since we are probing the galaxies’ kinematics beyond
the extent of their stellar disks, and are particularly in-
terested in whether the kinematics of their gas are con-
ducive to star formation. In general, incorporating a
stellar component will increase a galaxy’s value of Q.
Keeping in mind that a galaxy’s total mass is rep-
resented by Mdyn = V
2
rotR/G, we can solve for Vrot
in the Mdyn equation and solve for σgas in Equation 5
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(a) (b)
(c) (d)
(e) (f)
Figure 8. SDSS1507+5511 (UGC 09737): (a) Moment 0 contours made with a 11′′ × 9′′ beam overlaid on a SDSS DR9 gri image.
Contours represent H I intensities equivalent to column densities of 2n × 1020 cm−2 for n = 0, 1, 2, 3, 4. Image units are analog to digital
units (ADU). (b) Moment 0 map with the same contours as in (a). Map units are Jy Beam−1 m s−1. (c) Moment 1 map with a thick
line showing the major axis. Contours are 25 km s−1. Map units are km s−1. (d) Velocities along the major axis slice shown in (c). (e)
Moment 2 map with 10 km s−1 contours. Map units are km s−1. (f) Low-resolution Moment 0 contours made with a 52′′ × 51′′ beam
overlaid on SDSS DR9 gri image. Contours represent H I intensities equivalent to column densities of 2n × 1020 cm−2 for n = -2, -1, 0, 1,
2. Image units are the same as in (a). The spatial scale of this figure was chosen to include a detected companion 9′ to the north. The
horizontal and vertical axes of each map are right ascention and declination (J2000). Beam sizes are shown in the lower left corner of each
map.
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with Qgas = 1, and divide the two relationships follow-
ing Dekel et al. (2009) to highlight the criterion for disk
stability in terms of gas properties we can measure:
Vrot
σgas
<
√
2Σtotal
Σgas
, (6)
or
Vrot
σgas
<
√
2
fgas
. (7)
In this relationship, Σtotal is the galaxy’s total mass sur-
face density, which is calculated using its Mdyn within
a given radius (Σtotal = Mdyn/piR
2). We note that
for this discussion, we make the approximation that
fgas = (MHI + MH2)/Mdyn where MH2 is either the pub-
lished value for each galaxy if it exists (these are stated
in the Appendix), or 10% of MHI if no published MH2
exists for the galaxy. Mdyn is measured within RHI.
Garland et al. (2005) found that LCBGs’ molecular gas
mass is typically . 10% of their MHI (assuming a Galac-
tic X factor), so contributions to fgas from molecular gas
are likely to be small for the galaxies in our sample that
do not have published values of MH2 .
We plot the measured values at several radii for each
of the LCBGs in our sample in Figure 14. This plot
excludes SDSS0728+3532 and SDSS1319+5253B, which
are contained within a larger H I envelope. For these two
sources, MHI contains multiple galaxies, whereas Mdyn
only reflects the mass of the target galaxy. All of the
LCBGs in our sample except Mrk 325 have stable gas
disks with respect to perturbations over a range of radii
(for Q < 1, data points would lie above the curve in
Figure 14, and for Q > 1, data points lie below the
curve), which means that their fgas would need to be
higher for their disks to be unstable given their present
values of Vrot/σ. Since the error bars on Vrot/σ and
fgas are large, we can not rule out the potential to form
local instabilities at at least one radius for any of the
LCBGs. We note that we assume that fgas is constant
at all radii, which is unlikely to be the case given that
the LCBGs’ H I emission is more intense in their centers
than at their edges. This effect would result in a greater
likelihood of disk instabilities at smaller radii than what
we plot in Figure 14 (lower-radii data points will move
to the left in Figure 14 if fgas increases with decreasing
radius).
In a study modeling gas infall onto galaxies, Dekel et
al. (2009) found that if the cold gas streams that are
feeding infall onto the disk are clumpy, the clumps more
easily merge toward the center of the galaxy and form
a spheroid shape, keeping the disk’s average fgas < 0.3.
In this scenario, the disk is usually stable. They found
that conversely, if the streams are smooth, the disk can
support clumps for a longer period of time. Noguchi
(2000) found that requiring the local gas density to rise
above a certain threshold before star-forming clumps
could form yielded simulations consistent with observa-
tions of early- and late- type disks, and that for smaller
galaxies, clumps may not be able to form at all and in-
stead the infalling gas is fed into the center of the galaxy
to form a bar. To estimate the likelihood of these sce-
narios, we can compare the MHI values that we mea-
sure for the LCBGs in our sample to the clump masses
that have been observed and modeled in other studies.
Elmegreen et al. (2009) found that for spiral galaxies,
each clump contains an average of 0.3% of its galaxy’s
stellar mass, while for clump cluster galaxies (galaxies
dominated by several bright clumps) each clump con-
tains about 2% of the galaxy’s stellar mass. If we make
the assumption that these ratios are also approximately
valid for MHI, we can multiply these percentages by the
average MHI of the LCBGs in our sample to find the
expected clump masses. On average, a clump would
contain about 1 × 107 M of H I in a spiral LCBG,
or about 7 × 107 M of H I in a clump cluster LCBG
given these ratios. Noguchi (2000) found that in simula-
tions, clumps were more likely to survive migration to-
ward the galaxies’ centers in galaxies with clumps larger
than ∼ 107 M, while in galaxies with smaller clumps,
the clumps were more likely to be disrupted and instead
form a short bar from their gas.
To determine whether any star-forming clumps due
to gravitational instabilities in LCBGs are detectable
over long timescales, we calculated the inspiral time for
clumps, tins = (Vrot/σ)
2 × tdyn, where tdyn = RHI/Vrot
(see, for example, Dekel et al. 2009; Genzel et al. 2014)
using Vrot measured at RHI and the average σ measured
within RHI for each LCBG. For the LCBGs in our sam-
ple, tins is longer than 1 Gyr (approximately the lifetime
of a ∼ 2.5 M, or late-B to early A-type star; Harmanec
1988; Maeder & Meynet 1989; Romano et al. 2005) for
all but two LCBGs. This implies that if clumps can
form in LCBGs, they can persist for several Gyr before
they finally sink to LCBGs’ centers if they are not dis-
rupted. When compared with less compact and less dy-
namically hot disk galaxies, however, the expected tins
for LCBGs is relatively short. Since disk galaxies tend
to have higher values of Vrot/σ at lower redshifts than
at higher redshifts (Kassin et al. 2012), the appearances
of clumpy galaxies at z ∼ 1 may evolve more rapidly
than most disk galaxies with star-forming clumps in the
local universe due to their lower tins. Thus, since local
LCBGs have relatively high values of Vrot/σ and com-
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(a) (b)
(c) (d)
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Figure 9. Mrk 325: (a) Moment 0 contours made with a 6′′ × 6′′ beam overlaid on a SDSS DR9 gri image. Contours represent H I
intensities equivalent to column densities of 2n × 1020 cm−2 for n = 0, 1, 2, 3, 4, 5. Image units are analog to digital units (ADU). (b)
Moment 0 map with the same contours as in (a). Map units are Jy Beam−1 m s−1. (c) Moment 1 map with a thick line showing the
major axis. Contours are 10 km s−1. Map units are km s−1. (d) Velocities along the major axis slice shown in (c). (e) Moment 2 map
with 5 km s−1 contours. Map units are km s−1. (f) Low-resolution Moment 0 contours made with a 6′′ × 6′′ beam overlaid on SDSS DR9
gri image. Contours represent H I intensities equivalent to column densities of 2n × 1020 cm−2 for n = 0, 1, 2, 3, 4, 5. Image units are the
same as in (a). For a θ ∼ 1′ moment 0 map of Mrk 325, see Figure 17 of Nordgren et al. (1997). The horizontal and vertical axes of each
map are right ascention and declination (J2000). Beam sizes are shown in the lower left corner of each map.
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Figure 10. H I (purple) and optical (blue) intensities measured along each galaxy’s major axis (shown in panel c of Figure
1 - 9). The H I intensities are measured from the Moment 0 maps in units of Jy beam−1 m s−1 (left vertical axes), and the
optical intensities are measured from the SDSS g images in units of ADU (right vertical axes). The horizontal axes show angular
distance along the major axis in arcseconds. The peak optical emission is within one beam major axis of the peak H I emission
for all of the galaxies.
pact RHI, their tins are likely more comparable to those
of LCBGs at higher redshifts.
Though we do not have the sensitivity in our current
study to measure the masses of gas clumps, nor the res-
olution to measure local overdensities in the LCBGs in
our sample, future studies at higher resolutions may be
able to identify density variations in LCBGs’ disks and
determine the likely course of future evolution of the
galaxies’ clumps. As both low-redshift LCBGs and their
high-redshift analogs are often clumpy, further under-
standing of this phenomenon will be useful in predicting
these galaxies’ evolutionary paths. Future resolved ob-
servations of LCBGs will help better measure local ve-
locity dispersions and disk inclinations, which will bet-
ter constrain inspiral times for clumps in their disks.
In addition, resolving individual clumps and measuring
their properties will determine whether feedback within
the clumps due to radiation pressure will disperse the
clumps on shorter timescales than tins.
4.5. Comparison with higher-redshift galaxies
Fo¨rster Schreiber et al. (2009) measured Hα velocity
maps for a sample of z ∼ 2 star-forming galaxies from
the Spectroscopic Imaging survey in the Near-Infrared
with SINFONI (SINS) survey. Most of the galaxies
in their sample had clumpy Hα morphologies. They
found that the galaxies in their sample fell into three
groups based on their kinematics, with approximately a
third of their sample falling into each category: rotation-
dominated disks, compact dispersion-dominated galax-
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Figure 11. RHI (top), Vrot (middle), and Mdyn (bottom) using data from Garland et al. (2004) and our measurements for the
LCBGs common to both samples. Garland et al. (2004) estimated RHI to be RHI = 2 × R25, and used half of the width of
each galaxy’s single-dish H I spectrum corrected for inclination and random motions as Vrot. The dashed black lines show a 1:1
relationship between the two data sets. In some cases, error bars are smaller than point sizes.
ies, and merging systems. The H I velocity fields of the
LCBGs in our sample resemble the Hα velocity fields
of the rotation-supported galaxies in their sample, as
shown in Figure 17 of Fo¨rster Schreiber et al. (2009).
The LCBGs in our sample do not appear to be similar
to star-forming galaxies supported by disordered mo-
tions; the dispersion-dominated galaxies in the Fo¨rster
Schreiber et al. (2009) sample do not show a clear axis
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Figure 12. Top: A version of the Tully-Fisher relation, described in Tully & Pierce (2000). MB for the LCBGs in our sample (filled
circles) are calculated as described in Garland et al. (2004) using SDSS g and r magnitudes and distances taken from Table 1. Their Vrot
values are taken from cuts across the galaxies’ major axes at RHI and corrected for inclination. The same LCBGs (with the exception
of SDSS0125+0110) are plotted with MB and linewidths corrected for random motions and inclinations taken from Table 1 and Table
3 of Garland et al. (2004) (open circles). The Tully-Fisher relation as described in Tully & Pierce (2000) is plotted with the black line.
Four of the LCBGs in our sample are much brighter in the B band than their Vrot values would suggest, while six of the LCBGs in the
Garland et al. (2004) sample are faint in the B band with respect to their linewidths. We find that the LCBGs in our sample either follow
the Tully-Fisher relation or have the ability to evolve onto it once their star formation is quenched and their MB subsequently fade. We
interpret the galaxies lying to the right of the Tully-Fisher relation from the Garland et al. (2004) sample as having overestimated rotation
velocities due to the inclusion of non-rotation H I features or companion galaxies in the beam. Middle: Stellar mass Tully-Fisher relation
as described in Kassin et al. (2007). M∗ are calculated using K-band magnitudes and B-V colors. Vrot values are calculated the same way
as in the top figure. σ values are the average σ within RHI. The same LCBGs that lie to the left of the T-F relation on the top plot also lie
to the left of the stellar mass T-F relation. Bottom: Baryonic Tully-Fisher relation as described in McGaugh & Schombert (2015). Mbar is
the sum of the stellar mass and gas mass for each galaxy. When calculating the gas mass, we assumed a 10% contribution from H2. Vrot
values are calculated the same way as in the top and middle figures.
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Figure 13. Vrot/σ plotted against ellipticity ( = 1− b/a) for a variety of galaxy samples. The solid black curve is the maximum value
of Vrot/σ allowed for elliptical galaxies. Galaxies above this curve are too rotation-supported to be classified as elliptical galaxies. The
square points represent the LCBGs in our sample measured within R25 (red squares) and Reff (green filled squares for galaxies with Reff
smaller than the beam size, and green open squares for galaxies with Reff larger than the beam size). The velocity dispersions within Reff
have been corrected for beam smearing. Archival data, including spiral galaxies from the THINGS sample (filled circles), dwarf galaxies
from the THINGS sample (filled triangles), dwarf elliptical galaxies with a measured rotation component from Geha et al. (2003) (filled
diamonds) and van Zee et al. (2004) (open diamonds), compact star-forming galaxies with disk components at z ∼ 2 Cresci et al. (2009),
and for LCBGs in the Pe´rez-Gallego et al. (2011) sample (filled stars) are also plotted.  values for the nine LCBGs in our sample are
calculated using the same SDSS i-band axis ratios that we used to calculate the galaxies’ inclinations. The error bars on  calculated this
way are smaller than the point sizes.  values for the previously published samples are taken from Hyperleda except for the Geha et al.
(2003) sample, where  is taken from Table 3 of that paper, the van Zee et al. (2004) sample, where  is taken from Table 1 of that paper,
and the Cresci et al. (2009) sample, where  is calculated from the inclinations listed in Table 2 of that paper. LCBG Vrot values are
measured using a cut along the galaxies’ major axes. THINGS (Tamburro et al. 2009) σ values are the average H I σ values measured
within RHI. THINGS Vrot values are taken using half of W20 corrected for inclination from Walter et al. (2008). Geha et al. (2003) dwarf
elliptical Vrot and σ values are measured from optical absorption lines within 0.5-1 Reff . van Zee et al. (2004) dwarf elliptical Vrot and σ
values are measured from optical absorption lines within the last point where a rotation curve could be fit. Cresci et al. (2009) Vrot and σ
values are measured from Hα emission lines within a “scale radius” fit from a Gaussian profile along the major axis of the galaxies’ intensity
maps. Pe´rez-Gallego et al. (2011) Vrot values are measured from rotation curves fit to Hα velocity maps, and σ values are measured from
[OIII]λ5007 maps.
of rotation, while even the least rotationally-supported
LCBGs in our sample show a clear velocity gradient.
Genzel et al. (2014) found that for a sample of 19
rotationally-supported, star-forming disk galaxies from
the SINS survey with smooth velocity gradients and
centrally-peaked velocity dispersions at z ∼ 2, Q is also
centrally-peaked. We can see from Equation 5 and Fig-
ure 14 that this is true for the LCBGs in our sample
as well. The solid line in Figure 14 represents Q = 1,
with values of Q increasing to the bottom right. We see
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(Toomre 1964). Above the line, galaxies’ disks can develop local instabilities. Below the line, turbulence prevents gas clumps
from forming. The LCBGs in our sample have H I disks that are consistent with being stable on average, though many of
them have large enough error bars on Mdyn/Mgas and Vrot/σ that we can not rule out gravitational instabilities. The horizontal
dotted red line is the Kassin et al. (2012) criterion for disk settling. Above the line (V/σ = 3), galaxies’ disks are considered to
be settled.
that for the LCBGs in our sample, the measurements
at smaller radii tend to have larger values of Q than at
larger radii. As mentioned in Section 4.4.1, we assume
in Figure 14 that fgas is constant at all radii, which is
unlikely to be true since the H I emission in the LCBGs
in our sample decreases in intensity at larger radii. If
Σgas increases with decreasing radius in the LCBGs in
our sample, then Q will not be as centrally-peaked as is
implied by Figure 14. Genzel et al. (2014) argue that in-
creased values of Q in the centers of galaxies could lead
to the formation of a central bulge and the quenching of
star formation where Q > 1. While our measurements of
rotation velocities, velocity dispersions, and gas masses
suggest that a similar central bulge is possible in the
LCBGs in our sample, higher-resolution measurements
of H I are needed for these galaxies to more conclusively
identify central bulges that could lead to the quenching
of star formation in LCBGs.
Kassin et al. (2012) measured the gas kinematics in
blue star-forming galaxies from z ∼ 0.2 to z ∼ 1.2 and
found that the average Vrot/σ tends to increase with
decreasing redshift. They interpret this trend as the re-
sult of the galaxies’ disks settling over time due to fewer
mergers and decreased gas fractions due to gas depletion
from past star formation. They defined a settled disk as
having Vrot/σ = 3. In Figure 14, we see that the three
galaxies with Vrot/σ < 3 at RHI also have the highest
gas fractions. While this relationship could be due to
underestimating these galaxies’ Vrot due to inclination
uncertainties, it is also notable that these three galaxies
have the least-ordered velocity contours of the galaxies
in our sample that are not in larger H I envelopes. These
galaxies’ disks may be in the process of settling, while
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the remaining four galaxies’ disks, in addition to being
stable on large scales relative to gravitational instabili-
ties, may have already settled.
Recently, Crawford et al. (2016) observed LCBGs
in intermediate-redshift clusters. They had previously
found that cluster LCBGs at that redshift are likely
experiencing their first pass through a cluster, and
will likely have their gas stripped and star formation
quenched once they pass through the cluster (Crawford
et al. 2011, 2014). In their most recent study, Crawford
et al. (2016) find that the LCBGs in their sample have
sizes, masses, and metallicities that are consistent with
dwarf elliptical galaxies. Because of this, they conclude
that intermediate-redshift cluster LCBGs are likely to
rapidly evolve into dE galaxies with quenched star for-
mation once they pass through the cluster potential and
have their gas stripped. Our results show that the local
LCBGs that we have observed are unlikely to passively
evolve into dE galaxies, since they have significant disk
components. However, we note that the LCBGs in our
sample, unlike those studied by Crawford et al. (2016),
are not members of massive clusters. It is possible that
the evolutionary paths of cluster and non-cluster LCBGs
are strongly influenced by their environments (Garland
et al. (2015) found that this is likely to be true for z ∼ 0
LCBGs), and thus their future morphologies may di-
verge.
5. CONCLUSIONS
In this study, we have measured the H I properties of
nine LCBGs from resolved maps of H I emission. We
conclude that
• The LCBGs in our sample are rotating disk galax-
ies with H I intensities and velocity dispersions
that decrease with increasing radii;
• The H I linewidths measured for these galaxies by
single dishes tend to overestimate their rotation
velocities, likely due to the inclusion of compan-
ions or tidal features in the beam;
• The LCBGs in our sample have H I Vrot/σ values
that are consistent with the gas kinematics of disk
galaxies when measured at RHI and R25, though
some LCBGs have H I Vrot/σ within Reff that are
consistent with bulgelike behavior; and
• The disks of the LCBGs in our sample are sta-
ble on average with respect to local perturbations,
though they have the potential to form local in-
stabilities at large radii, and three LCBGs’ disks
have Vrot/σ values at RHI consistent with disks
that have not yet settled.
We have found that the LCBGs exhibit a variety of
gas morphologies, from regular, symmetric rotation to
asymmetric, disturbed rotation to multiple galaxies in a
common H I envelope. All of the LCBGs in our sam-
ple appear to be dominated by rotation at large radii
(Vrot/σ(RHI) > 1), and have significant rotation com-
ponents at smaller radii. Because we were unable to
robustly fit rotation curves to the LCBGs, we do not
have enough information to comment extensively on the
shapes of LCBGs’ rotation curves (or their mass distri-
butions), though we have been able to produce position-
velocity plots from cuts along their major axes that dis-
play the shapes of their velocity profiles. The LCBGs
in our sample tend to have asymmetric velocity profiles,
which supports a scenario where LCBGs’ star formation
is the result of gas disturbance. We cannot conclusively
distinguish whether this disturbance is externally or in-
ternally triggered, but the presence of companions near
most of the LCBGs in our sample are not inconsistent
with external mechanisms. Even so, even the most dis-
turbed LCBGs have identifiable H I rotation axes.
When compared to previous single-dish results (Gar-
land et al. 2004), we measure lower values of Vrot for all
of the LCBGs in our sample except for SDSS1507+5511.
Six of the nine LCBGs have smaller measured RHI val-
ues than what was estimated for them using RHI ∼
2×R25(B) (two of the exceptions, SDSS0728+3532 and
SDSS1319+5203, have H I envelopes that include other
galaxies, while the other exception, SDSS0936+0106,
has a measured RHI that is only 6% larger than its
estimated RHI). These discrepancies tend to result in
smaller values of Mdyn, and larger values of fHI, for
LCBGs than those calculated from single dish measure-
ments.
Though most of them have disturbed kinematics, the
LCBGs in our sample do not appear to be exclusively
the result of ongoing major mergers. While seven (78%)
of them have companions at comparable systemic veloc-
ities, only two (22%) of them have other galaxies within
their H I envelopes. This implies that the star forma-
tion in LCBGs is not required to be solely triggered
by a major merger event. Instead, some LCBGs’ star
formation may be the result of intrinsic bulge-building,
which could be enhanced by interactions or minor merg-
ers but does not require interactions to proceed (we note,
for example, that for the two LCBGs, SDSS0728+3532
and SDSS1319+5203, that are in three-galaxy interact-
ing systems, only one of the galaxies in each system is
an LCBG).
We found that the LCBGs in our sample either already
follow the Tully-Fisher relation or have the potential to
evolve onto it once their current elevated star formation,
29
and thus B-band luminosities, fade. While the Vrot/σ
values of the LCBGs’ H I look like stellar Vrot/σ of dwarf
elliptical galaxies at the smallest radii (R < Reff), they
resemble other types of spiral galaxies more closely at
R25(B). From this, we infer that the LCBGs in our sam-
ple are likely not dispersion-dominated bulges, and that
they will not likely be able to passively evolve into dwarf
ellipticals once their star formation is quenched. How-
ever, some of the LCBGs in our sample may be build-
ing small central bulges, as three of the galaxies have
Vrot/σ values at large radii (R > R25) that are above
the threshold of disk instability necessary for infalling
gas to create star-forming clumps that may later merge
to form a nucleus or bar. (We note that since we used
inclinations calculated from optical SDSS i -band axis
ratios to calculate Vrot, there are large uncertainties in
the values of Vrot/σ that we report.)
The variety of optical and H I morphologies, environ-
ments and kinematics of the LCBGs in our sample lends
support to the picture of LCBGs being a heterogeneous
class of galaxies undergoing a common, short-lived evo-
lutionary phase in their star formation histories. Since
the LCBGs in our sample do not have common H I prop-
erties, we cannot predict a single future scenario for their
evolution based on their gas morphologies. This is not
surprising, as the relative abundance of LCBGs at z ∼ 1
would suggest that, if LCBGs follow a single common
evolutionary path, their end products would be simi-
larly common in the local universe.
Since LCBGs appear to have such a variety of gas mor-
phologies, future studies of their gas properties focusing
on high-resolution mapping to further probe their inter-
nal dynamics, including the presence of star-forming gas
clumps, bars, or bulges related to local gravitational in-
stabilities, will better illustrate whether they have any
common intrinsic star formation triggers. Such mapping
would provide data useful for modeling LCBGs’ gas evo-
lution to predict their timescales for future quenching of
their star formation. We are currently studying star
formation tracers in a larger local sample of LCBGs to
calculate their current star formation properties. This
information, coupled with LCBGs’ MHI values, will help
us understand whether LCBGs’ gas depletion timescales
given their current star formation rates are shorter than
their expected timescales for star formation quenching.
This will provide better understanding for the evolution-
ary paths of this formerly common, currently rare, class
of galaxies.
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APPENDIX
A. INDIVIDUAL GALAXIES
A.1. SDSS0119+1452
SDSS0119+1452 (NGC 469; Figure 1) has asymmetric H I emission that has its highest column density coinciding
with its optical center. Its velocity contours are disturbed, and its H I major axis is nearly perpendicular to its optical
major axis. This morphology is similar to polar bulge galaxies (Corsini et al. 2012), and thus may be a result of an
acquisition of gas after the nuclear portion of the galaxy was formed. It has a blob of H I emission to its southwest
that does not have an optical counterpart and is either not connected to the main galaxy, or connected at a low column
density. In low-resolution H I maps, the H I blob is not separate from the main galaxy. Its area of highest H I velocity
dispersion coincides with its optical emission.
In SDSS optical images, SDSS0119+1452 does not have discernable spiral arms. Galaxy Zoo 1 (Lintott et al. 2011)
classifies it as “uncertain”, with a 31% probability of being a spiral galaxy (18% probability of being an edge-on spiral),
a 28% probability of being an elliptical galaxy, and a 24% probability of being a merger. It has the elongated, clumpy
appearance of a “bent chain” galaxy similar to those identified by Elmegreen & Elmegreen (2006), although Garland
et al. (2015) classified it as not being clumpy since it has fewer than three distinct clumps. Outside of the bright
central clumpy emission, it has low surface brightness optical emission.
Pe´rez-Gallego et al. (2011) mapped SDSS0119+1452 in H α emission and identified it as a preturbed rotator following
the classification system of Yang et al. (2008). This implies that its velocity contours show ordered rotation, including
a major axis aligned with the optical major axis, but the peak of the velocity dispersion occurs away from the galaxy’s
center. In our H I maps, its H I contours do show rotation, and the peak of its H I velocity dispersion coincides with
its optical center, which would suggest that its H I should be classified as a rotating disk. However, since its H I
major axis is misaligned with its optical major axis, SDSS0119+1452 may be considered to have complex kinematics
according to the Yang et al. (2008) classification system.
SDSS0119+1452 was detected in H I with Arecibo in the ALFALFA survey (Haynes et al. 2011), with an H I mass
of 1.38 × 109 M. Garland et al. (2005) observed SDSS0119+1452 in the J=2-1 transition of CO and did not detect
any CO above the 3σ level. They reported an upper limit for molecular gas mass of 1.18 M. Jiang et al. (2015) did
detect SDSS0119+1452 in the CO J=2-1 transition; they derived a molecular gas mass of MH21.78× 108 M.
SDSS0119+1452 does not have any companions that we detect in H I (the H I clump to the galaxy’s southwest does
not coincide with any optical source, and has similar velocity to the receding edge of the galaxy’s main H I emission,
so it appears to be associated with SDSS0119+1452). The nearby galaxies seen in optical images are members of the
higher-redshift cluster Abell 175 (SDSS0119+1452 is not a member of that cluster).
A.2. SDSS0125+0110
SDSS0125+0110 (ARK 044; Figure 2) has velocity contours representative of a rotating disk, and has an easily
identifiable H I major axis that is coincident with its optical major axis. Its H I emission is much more extended than
its optical emission, and its region of highest column density is offset from its optical emission.
Optical images of SDSS0125+0110 show visible spiral arms. Galaxy Zoo classifies this galaxy as a spiral (96%
probability) with anticlockwise arms (89% probability). Its center is redder than the centers of other galaxies in our
sample, and it does not have large star-forming clumps, though it does appear to have smaller star-forming clumps
near the outer regions of its disk.
While SDSS0125+0110 does not appear to be interacting with any other galaxies, it isn’t necessarily isolated.
Zabludoff & Mulchaey (1998) include SDSS0125+0110 in the NGC 533 group using velocity analysis derived from
optical spectroscopy, though it is far enough away from NGC 533 (the group’s central brightest cluster galaxy) that we
do not detect other galaxies in H I in our observed data. A significant fraction of intermediate-redshift LCBGs have
been found to be on the outskirts of groups and clusters (Crawford et al. 2016), where their star formation is enhanced
as they interact with the cluster potential and then quenched as their gas is stripped once they have passed through
the cluster. It is possible that this is the reason for SDSS0125+0110 experiencing an LCBG phase even though it
does not have evidence of a recent interaction or clumpy star formation. We note that following SDSS-III photometry,
SDSS0125+0110 is redder and has a lower B-band surface brightness than the LCBG criteria defined by Werk et al.
(2004).
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A.3. SDSS0728+3532
SDSS0728+3532 (ARK 134; Figure 3) has H I emission that is concentrated near its optical center, velocity contours
that are representative of a rotating disk, and velocity dispersion contours that trace the H I and optical emission.
It also has an H I tidal tail that encompasses a companion galaxy to its south and extends to the south and east.
In addition, it has a companion to its southwest that we detect in H I and is rotating in the opposite direction as
SDSS0728+3532.
In SDSS images, the three galaxies do not appear to be obviously interacting. The H I tidal tail does not have a
corresponding feature visible in SDSS optical images, with the exception of the companion galaxy that is embedded in it.
SDSS0728+3532 is symmetric in SDSS images without visible extended low surface brightness features. The companion
galaxy also does not have any visible stellar streams or other obvious optical signs of interactions. SDSS0728+3532
has visible spiral arms and many regions of clumpy star formation. Galaxy Zoo 1 classifies it as a spiral galaxy (76%
probability) with anticlockwise arms (70% probability). Galaxy Zoo 2 classifies it as most likely to be a barred spiral
galaxy with an unknown number of arms of medium tightness. Both companion galaxies are blue and appear to be
edge-on disk galaxies (Galaxy Zoo 1 classifies both of them as most likely to be edge-on spirals).
SDSS0728+3532 was observed in the J=2-1 transition of CO by Garland et al. (2005) but was not detected. It has
a 3σ upper limit of molecular gas mass of MH2 = 0.91 × 108 M (the beam size of the CO observation is not large
enough to include its companions).
A.4. SDSS0934+0014
SDSS0934+0014 (UGC 05097; Figure 4) has asymmetric H I emission that is not much more extended than the
optical emission. The peak of its Moment 0 and Moment 2 maps coincide with the optical galaxy, although the H I
emission is more extended on the galaxy’s east side than its west side. Its velocity contours show rotation, and its
major axis aligns with its optical major axis. The velocity contours near the optical center are not as closely spaced
as is typical for galaxies that are not close to face-on, though its optical emission does not appear to be face-on. It has
two companions: SDSS J093410.47+001528.5 to the north, and UGC 05099 to the southeast. UGC 05099 is strongly
detected in H I emission in the low-resolution Moment 0 map, while SDSS J093410.47+001528.5 is not detected in H
I in the low-resolution map shown in Figure 4. In low-resolution maps made with less flagging of radio interference,
there is H I emission that coincides with the optical position of SDSS J093410.47+001528.5, though the column density
of this emission is not high enough to distinguish it from noise.
In optical SDSS images, SDSS0934+0014 is a blue, clumpy disk galaxy with spiral arms. Its companions are also both
disk galaxies, with its northern companion being a blue disk galaxy fainter than SDSS0934+0014, and its southeastern
companion being a spiral galaxy with a redder appearance. Galaxy Zoo 1 classifies SDSS0934+0014 as uncertain, with
74% of voters indicating that they don’t know whether it is a spiral or elliptical galaxy.
SDSS0934+0014 was detected in the J=1-0, J=2-1, and J=3-2 transitions of CO by Garland et al. (2005). They
find its molecular gas mass to be MH2 = 5.3× 108 M.
A.5. SDSS0936+0106
SDSS0936+0106 (CGCG 007-009; Figure 5) has velocity contours indicative of ordered rotation. The peak of its H
I emission is offset from the peak of its optical emission, though the two peaks are within a beam size of each other.
Its H I major axis aligns with its optical major axis, and its Moment 1 map does not show evidence of interactions.
Its Moment 2 map is centrally peaked, which is consistent with a rotating disk galaxy.
In SDSS images of SDSS0936+0106, its center is redder than the rest of the galaxy, which is primarily made up
of blue spiral arms. The spiral arms are much brighter close to the center of the galaxy, but low surface brightness
spiral featues are visible outside of the center. The spiral arms do not have large clumps. Galaxy Zoo 1 classifies
SDSS0936+0106 as a spiral galaxy (97% probability) with anticlockwise arms (91% probability). Galaxy Zoo 2 classifies
SDSS0936+0106 as having evidence of a disk or spiral features (97% probability) with 3-4 tightly wound spiral arms,
a bulge that is just noticeable, and no bar. Its companion appears to be a blue edge-on disk galaxy, and is detected
in H I in our low-resolution map.
SDSS0936+0106 was detected in the J=1-0 transition of CO and not detected in the J=2-1 transition by Garland et
al. (2005). They measured a molecular gas mass of MH2 = 2.0× 108 M. Prada et al. (2003) identified the companion
galaxy that we detect in H I as being a satellite galaxy of SDSS0936+0106.
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A.6. SDSS1319+5203
SDSS1319+5203 (SBS 1317+523B; Figure 6) is the second-brightest in a group of three star-forming galaxies that
share a common H I envelope. It also contains the second-most H I of the three galaxies in the envelope. Both it
and the brightest galaxy in the group, SBS 1317+523A, show evidence of independent rotation in the Moment 1 map,
while the faintest of the three galaxies, Mrk 251, does not show clear rotation. In their common H I envelope, the
areas with the highest velocity dispersions appear to be where SDSS1319+5203 interacts with each of its companions.
SDSS1319+5203 is a compact, blue, fuzzy, relatively featureless galaxy that appears to have a central star-forming
clump. Its SDSS images do not show signs of past interactions like stellar streams or asymmetric features. Its brighter
companion, SBS 1317+523A, appears more disklike with clumpy star formation, and its fainter companion, Mrk 251,
is also blue, compact, and fuzzy. Galaxy Zoo 1 classifies SDSS1319+5203 as having 44% probability of being elliptical,
and 29% probability of being a spiral galaxy. Galaxy Zoo 2 gives it a higher probablity of being smooth (55%) than
having a disk or features (45%).
Past studies of groups of star-forming galaxies have also identified SDSS1319+5203 as being in a trio of field galaxies
(e.g. Petrosian et al. 2002). Pustilnik et al. (2001) classified SDSS1319+5203 and SBS 1317+523A as a binary pair
of galaxies with similar masses that are likely triggering star formation in each other even if they are not a merging
pair. Petrosian et al. (2002) identified the brightest galaxy in the group, SBS 1317+523A, as having experienced a
merger in the past. Garland et al. (2005) did not detect the J=2-1 transition of CO in SDSS1319+5203, and reported
an upper limit of molecular gas of MH2 = 1.1× 108 M.
A.7. SDSS1402+0955
SDSS1402+0955 (NGC 5414; Figure 7) has asymmetric, centrally-concentrated H I emission. Its Moment 1 map
shows that it is a rotating galaxy, though in contrast to other undisturbed rotating galaxies like SDSS0125+0110 and
SDSS0936+0106, its velocity contours are closer together at the edges of the galaxy at each end of its minor axis than
they are in the center. This results in the galaxy’s velocity dispersion being highest at its western edge, although the
broad distribution of its velocity dispersion follows a pattern of being lower at larger radii and higher closer to the
center of the galaxy.
SDSS1402+0955 is blue and clumpy in SDSS images. Its optical emission is elongated and asymmetric, with SDSS
images showing fainter optical emission that extends to the northwest and southeast. The major axis along its bright
optical emission aligns with its H I major axis. It is irregularly-shaped, with little obvious spiral structure. Galaxy
Zoo 1 classifies this galaxy as uncertain, with a 12% probability of having an elliptical morphology, a 47% probability
of having a spiral morphology, and an 18% probability of being a merger. 23% of Galaxy Zoo 1 classifiers chose “don’t
know” as its most likely morphology. Galaxy Zoo 2 classifies this galaxy as most likely having “features or a disk”
(56%), with the most common “odd” feature being its irregular shape (92% of Galaxy Zoo 2 classifiers indicated an
odd feature, and 78% of classifiers who indicated an odd feature specified an irregular shape).
While we do not detect other galaxies in H I emission in the same data cube as SDSS1402+0955, Koranyi & Geller
(2002) identified this galaxy as possibly being part of the cluster MKW 12. Their velocity analysis suggested that
SDSS1402+0955 is likely part of a foreground substructure of this cluster. This substructure is not conclusively
kinematically linked to the main cluster, and Koranyi & Geller (2002) hypothesized that it may be in the process of
joining the main cluster. This is consistent with the conclusions of Crawford et al. (2011) and Crawford et al. (2014)
that some LCBGs are making their first pass through a cluster. SDSS1402+0955 was detected in the J=1-0 and the
J=2-1 transitions of CO, with a molecular gas mass of MH2 = 2.6× 108 M (Garland et al. 2005).
A.8. SDSS1507+5511
SDSS1507+5511 (UGC 09737; Figure 8) has H I emission that is elongated near the galaxy’s optical emission, and
then extends asymmetrically to the northeast at a lower column density. While this galaxy looks like it may have
H I emission with a morphology similar to the optical “cometary” or “tadpole” emission sometimes seen in blue
compact star-forming galaxies (e.g. Loose & Thuan 1986; van den Bergh et al. 1996), its optical emission does not
show this asymmetric morphology, and its Moment 1 map shows evidence of rotation throughout its H I emission (its
velocity contours run perpendicular to the elongated concentration of H I in its Moment 0 map). The galaxy’s velocity
dispersion contours roughly follow its H I content, with a few small “hot spots” in its lower-column density emission
to the northeast. A companion is visible in the low-resolution Moment 0 map.
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SDSS images of SDSS1507+5511 show a relatively featureless galaxy with a central bright knot, and a stellar disk
that appears to have its light arranged in shell-like structures. Galaxy Zoo 1 classifies this galaxy as “uncertain”,
with a 37% probability of being elliptical, and a 48% probability of being a spiral galaxy. Galaxy Zoo 2 classifies this
object as likely being a disk galaxy (67%) rather than being smooth (31%). It is likely to be barred (a 90% probability
from the classifiers who identified it as a disk galaxy), and does not have obvious spiral arms (83% of classifiers who
identified it as a disk galaxy voted that they could not tell how many spiral arms the galaxy had).
The mismatch between the optical and H I morphology in SDSS1507+5511 looks similar to the H I morphology of
another galaxy, NGC 4522, that was mapped by Kenney et al. (2004). That galaxy is not an LCBG, but its H I Moment
0 map shows the elongated emission along the galaxy’s major axis with the extra emission above the plane of the galaxy
that SDSS1507+5511 also shows, and its Moment 1 map shows velocity contours that resemble a rotating disk, similar
to those of SDSS1507+5511. Kenney et al. (2004) identified the H I maps of NGC 4522 as showing evidence of the H
I undergoing ram pressure stripping due to interactions between the galaxy’s interstellar medium and the intracluster
medium of the group to which NGC 4522 belongs. Giuricin et al. (2000) identified SDSS1507+5511 as being part of
a group containing five galaxies. We detect one of the galaxies in this group in the low-resolution Moment 0 map.
The H I in SDSS1507+5511 does not appear to be as strongly stripped as that of NGC 4522 (the H I emission does
not extend throughout NGC 4522’s entire disk, while it extends far beyond the optical disk of SDSS1507+5511 on all
sides), nor is SDSS1507+5511 deficient in H I as other galaxies that appear to have undergone stripping are. Vollmer
et al. (2001) simulated H I stripping for galaxies interacting with clusters, and found that a stripped galaxy’s H I
becomes less extended along its disk and more elongated in the direction of the stripping as the time after the initial
interaction with the cluster increases. SDSS1507+5511’s H I morphology resembles that of a galaxy viewed edge-on
in their simulation that is in the early stages of an interaction with its cluster. If SDSS1507+5511’s H I morphology is
due to an interaction between its ISM and the ICM of its group, this interaction could also be the cause of its current
star formation rate, consistent with Crawford et al. (2011) and Crawford et al. (2014).
Previous studies of LCBGs have detected atomic and molecular gas in this galaxy. Pe´rez-Gallego et al. (2011)
mapped the Hα emission in SDSS1507+5511 and identified it as a rotating disk from its velocity field and velocity
dispersion. They found a dynamical mass of Mdyn = 5.09× 109 M. Garland et al. (2005) detected SDSS1507+5511
in the J=2-1 transition of CO. They found a molecular gas mass of MH2 = 0.29× 108 M.
A.9. Mrk 325
Mrk 325 (NGC 7673; Figure 9) has H I emission that does not extend much farther than its optical emission. The
highest column density H I emission traces the galaxy’s optical barlike feature. The velocity contours in its Moment
1 map are warped, though this galaxy shows a velocity gradient like all of the other LCBGs in our sample. When
selecting a major axis for this galaxy, there were two possible position angles for which a major axis could be drawn
perpendicular to the velocity contours; we chose the position angle that passed along the highest H I column density
and the optical bar. The other possible major axis is in the direction of the bright clump to the northeast of the galaxy.
The galaxy’s velocity dispersion distribution is similar to that of its H I emission, with higher velocity dispersions
coinciding with its optical bar, though in addition it has clumps of higher velocity dispersion that roughly coincide
with bright optical clumps. It has a larger companion, Mrk 326 (NGC 7677) that we also detect in H I. The H I
emission in Mrk 326 is symmetric, disk-shaped, and centrally-concentrated. Its velocity contours show evidence of
Mrk 326 being dominated by ordered rotation, though Nordgren et al. (1997) found its H I emission shows evidence
of warping.
In SDSS images, Mrk 325 is very blue, clumpy, asymmetric, and has visible irregular spiral structure. It does not
have any Galaxy Zoo 1 or 2 classifications. It has a few large, bright, blue clumps, with a few smaller clumps along
its spiral arms. It also appears to have a bar (or line of central clumps that are not as blue). Its spiral arms are
asymmetric, with no obvious spiral structure southwest of the bar. Mrk 325 also has lower surface brightness optical
emission surrounding the galaxy. The elongated, redder galaxy to the immediate north of Mrk 325 in optical images is
at a higher redshift (SDSS calculates a photometric redshift of z = 0.441± 0.0251). In contrast to the morphology of
Mrk 325, its nearest companion, Mrk 326, is a redder spiral galaxy with a bright center, two well-defined spiral arms,
and no visible clumps.
Mrk 325 is a well-studied galaxy that Pe´rez-Gallego et al. (2010) and Castillo-Morales et al. (2011) called a “proto-
typical LCBG” due to its clumpy, irregular appearance and high star formation rate. Past studies have found that its
star formation is concentrated in 5-6 large clumps that are comprised of smaller star clusters. Pe´rez-Gonza´lez et al.
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(2003) measured 87 star-forming clusters that show Hα emission, and found that only 9% of the galaxy’s ionized gas
is diffuse rather than concentrated in the clumps. Homeier et al. (2002) found that one of the large clumps, Clump F,
is likely one large object rather than a collection of clusters, and that the clumps only extend to half of the galaxy’s
optical radius. Beyond the clumps, the galaxy’s disk is smooth, faint, and circular. Connected to this outer disk is an
optical shell (Dettmar et al. 1984) that resembles those found around galaxies that are candidates for being in the late
stages of a past major merger (Homeier et al. 2002). Homeier & Gallagher (1999) argue that an ongoing interaction
with the most obvious candidate, Mrk 326, is unlikely due to the lack of a tidal tail associated with Mrk 325, as well as
the symmetric and undisturbed morphology of Mrk 326. The most likely progenitor of both the low surface brightness
shell and the star formation activity is likely to be a past minor merger with a dwarf galaxy (Homeier & Gallagher
1999; Homeier et al. 2002; Castillo-Morales et al. 2011). The brightest clump in Mrk 325, Clump B, has a decoupled
kinematic component (Pe´rez-Gallego et al. 2010, we also observe a kinematic component in the direction of Clump B).
Clump B also has the highest Hα content of all of the galaxy’s clumps (including the central clump Castillo-Morales
et al. 2011). The authors of those studies suggest that Clump B may be associated with the dwarf galaxy merger
candidate.
Past studies of Mrk 325 have found small velocity gradients (Duflot-Augarde & Alloin 1982; Nordgren et al. 1997),
though the galaxy also appears to be face-on. Pe´rez-Gallego et al. (2011) classified Mrk 325 as a rotating disk from maps
of Hα emission. Pisano et al. (2001) found an H I rotation velocity of 116 km s−1 when corrected for inclination, with
an H I radius of 8.3 kpc and a Mdyn of 2.5×1010 M. Nordgren et al. (1997) mapped Mrk 325 with the VLA in its most
compact configuration and found that its H I is offset to the west of the centroid of its low-luminosity optical emission
and has a rotation axis whose position angle changes with increasing radius. They measured MHI = 3.6 × 109 M
(Nordgren et al. 1997). Garland et al. (2005) detected the J = 1-0 and J = 2-1 transitions of CO in Mrk 325, and
measured a molecular gas mass of MH2 = 1.6× 108 M. Garland et al. (2007) mapped Mrk 325 in H I with the VLA
with a beam size of 20′′ in C configuration, as well as in CO J = 1-0. They measured MHI = 6.3× 109 M, and found
that the molecular gas is concentrated near the optical bar. Our H I map of Mrk 325 combines the Garland et al.
(2007) map with new B configuration data and archival D configuration data that was publised by Nordgren et al.
(1997).
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Table 4. LCBG H I Profile Properties
Galaxy Vsysa W20b
∫
Sdv MHI
MHIGMRT
MHIGBT
c Companion in
(km s−1) (km s−1) (Jy km s−1) (109 M) GBT beam?d
SDSS0119+1452 4123 ± 7 52.1 ± 13.6 1.0 ± 0.4 0.85 ± 0.29 0.4 Y
SDSS0125+0110 5875 ± 7 126.8 ± 13.8 3.3 ± 0.3 5.4 ± 0.5 · · · · · ·
SDSS0728+3532e 3962 ± 7 166.1 ± 13.6 9.8 ± 1.2 7.4 ± 0.9 1.2 N
SDSS0934+0014 4903 ± 7 125.8 ± 13.7 2.2 ± 0.4 2.5 ± 0.5 0.5 Y
SDSS0936+0106 4909 ± 7 181.2 ± 13.7 2.0 ± 0.4 2.3 ± 0.5 0.6 Y
SDSS1319+5203e 4607 ± 7 139.4 ± 13.7 11.2 ± 0.7 11.4 ± 0.7 1.4 Y
SDSS1402+0955 4251 ± 7 262.3 ± 13.7 4.9 ± 1.1 4.3 ± 0.9 0.7 Y
SDSS1507+5511 3358 ± 7 124.2 ± 13.6 3.8 ± 0.4 2.0 ± 0.2 1.0 N
Mrk 325f 3364 ± 5 54.1 ± 10.3 3.2 ± 0.4 1.7 ± 0.2 0.3 Y
aVsys is measured halfway between the channels used to measure W20. The reported uncertainty is half of
a channel width.
bW20 is corrected for random motions following Equation 12 of Tully & Fouque (1985). No correction for
inclination angle has been made. The reported uncertainty is one channel width.
cMHIGBT values are taken from Garland et al. (2004).
dTaken from Table 1 of Garland et al. (2004).
eProperties listed are for the entire H I envelope, which contains multiple galaxies.
fMeasurements are taken from the high-resolution cube. For data measured from a low-resolution cube, see
Table 4 of Nordgren et al. (1997). Those authors found MHI = 3.6× 109 M, which is 60% of the Garland
et al. (2004) single-dish value.
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Table 6. Velocity dispersions
Galaxy σReff
a V
Reff
rot
b V
Reff
rot
σReff
σR25
c VR25rot
d V
R25
rot
σR25
(km s−1) (km s−1) (km s−1) (km s−1)
σRHI
e σ>R25
f VRHIrot
g V
RHI
rot
σRHI
V
RHI
rot
σ>R25
tins
h
(km s−1) (km s−1) (km s−1) (Gyr)
SDSS0119+1452i 14.1 ± 6.5 7.7 ± 15.5 0.55 ± 1.13 12.1 ± 6.7 30.8 ± 15.9 2.5 ± 1.9
12.6 ± 6.3 29.5 ± 3.4 30.8 ± 15.9 2.4 ± 1.8 1.0 ± 0.6 1.2 ± 1.3
SDSS0125+0110j < 9.6 70.2 ± 54.7 · · · 20.1 ± 4.3 117.0 ± 85.7 5.8 ± 4.4
11.2 ± 6.6 8.7 ± 5.2 117.0 ± 85.7 10.4 ± 9.8 13.4 ± 12.7 19 ± 27
SDSS0728+3532 30.0 ± 6.1 30.0 ± 22.7 1.0 ± 0.8 33.0 ± 5.2 80.0 ± 35.1 2.4 ± 1.1
20.6 ± 11.1 10.0 ± 7.3 109.9 ± 44.4 5.3 ± 3.6 11.0 ± 9.1 3.7 ± 4.2
SDSS0934+0014 37.5 ± 5.4 8.2 ± 16.4 0.22 ± 0.44 34.6 ± 8.7 49.1 ± 17.3 1.4 ± 0.6
35.3 ± 8.2 12.3 ± 13.6 57.3 ± 17.6 1.6 ± 0.6 4.7 ± 5.3 0.28 ± 0.16
SDSS0936+0106 28.3 ± 7.3 70.0 ± 25.7 2.5 ± 1.1 30.5 ± 10.0 122.5 ± 37.3 4.0 ± 1.8
21.0 ± 12.7 9.4 ± 7.4 140.0 ± 41.5 6.7 ± 4.5 14.9 ± 12.5 4.8 ± 5.9
SDSS1319+5203 29.2 ± 13.7 9.9 ± 20.6 0.34 ± 0.72 39.5 ± 7.0 69.5 ± 42.8 1.8 ± 1.1
24.7 ± 14.3 16.8 ± 12.6 29.8 ± 25.7 1.2 ± 1.3 1.8 ± 2.0 0.77 ± 1.11
SDSS1402+0955 33.1 ± 7.2 43.5 ± 18.8 1.3 ± 0.6 31.5 ± 14.5 148.0 ± 29.4 4.7 ± 2.4
27.1 ± 16.1 7.3 ± 9.7 148.0 ± 29.4 5.5 ± 3.4 20.3 ± 27.2 2.1 ± 2.5
SDSS1507+5511 18.3 ± 3.0 8.3 ± 16.6 0.45 ± 0.91 18.5 ± 7.5 82.5 ± 20.5 4.5 ± 2.1
15.2 ± 8.3 8.7 ± 8.1 99.0 ± 22.0 6.5 ± 3.8 11.4 ± 10.9 5.2 ± 5.8
Mrk 325i 9.7 ± 6.2 32.5 ± 34.0 3.4 ± 4.1 13.2 ± 6.0 54.1 ± 48.7 4.1 ± 4.1
13.4 ± 5.9 13.1 ± 6.3 54.1 ± 48.7 4.0 ± 4.0 4.1 ± 4.2 1.6 ± 2.0
aσReff is the average value of the Moment 2 map within Reff .
bV
Reff
rot is the rotation velocity measured at Reff corrected for inclination.
c σR25 is the average value of the Moment 2 map within R25.
dVR25rot is the rotation velocity measured at R25 corrected for inclination.
eσRHI is the average value of the Moment 2 map within RHI.
fσ>R25 is the average value of the Moment 2 map outside of R25.
gVRHIrot is the rotation velocity measured at RHI corrected for inclination
htins is the inspiral time for clumps to reach the center of a rotating disk.
i R25 is larger than RHI for SDSS0119+1452 and Mrk 325.
jThe correction for beam smearing for SDSS0125+0110 is larger than the measured σReff . The reported
value is a 3σ upper limit.
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